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PREFACE. 



The object of this book is to present in a simple form 
the method to be employed in the designing of masonry 
arches according to the elastic theory. 

The entire subject of arches has been fully treated 
in the author's Treatise on Arches, in which formulas 
for special cases and conditions are given. Considering 
the fact that masonry arches are 'constructed of mate- 
rials and imder conditions which are more or less tmcer- 
tain in character, the use of comprehensive or rigid for- 
mulas is not necessary or warranted. Consequently the 
formulas and methods here presented are somewhat 
approximate, but quite accurate enough for the purpose 
for which they are intended. 

The greater portion of the book is taken up with the 
solution of examples, giving each step in detail so as to 
be easily followed by the undergraduate or the engineer 
who has not the time to review the theory of arches in a 
comprehensive manner. 

The first and second examples have been solved by a 
somewhat longer method than necessary. This method 
was used in order to show clearly the several processes and 
checks. 
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In the third example will be fotind the simplest solu- 
tion of the formulas for the horizontal thrusts and bend- 
ing moments at the supports presented up to this time. 

The numerical and graphical work has been given with 
such discrepancies as may be expected unless extraordinary- 
care is exercised and many decimal places used. The dis- 
crepancies are of no practical importance, as the results 
are much nearer being exact than any masonry structure 
can be built, so as to fulfil the conditions upon which the 
•calculations are based. 

For the benefit of those who desire to follow precedents 
and as an aid in making preliminary calculations and 
estimates, the general data for over five himdred arch 
bridges have been given in tabular form with references to 
periodicals, etc., where more extended descriptions can 
be found Without any doubt many errors exist in this 
table, which is quite incomplete in some particulars. The 
data have been derived from many sources and in some 
cases supplied from drawings by scaling and in others by 
calculations. 

M. A. H. 

Terre Haxjte, July 1906. 
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Fig. a, 

the horizontal thrust at the left support for any loading in gen- 
eral and in special formulas for vertical loads only; 

the horizontal thrust at the left support for horizontal loads o: ly; 

the horizontal thrust at the left support for changes of tempera- 
ture; 

the horizontal thrust at the left support produced by the axial 
stress; 

the moment at the left support; 

the moment at the right support; 

the moment at any point having the coordinates x and y; 

the vertical reaction at the left support ; 

the vertical reaction at the right support ; 

the span of the arch axis; 

the rise of the arch axis; 

^^^the coordinates of any point of the arch axis; 

— ^=one half the total central angle subtended by the axis 
of the arch; 

the angular distance to the left of the crown of any point having 
the coordinates x and y; 



X NOMENCLATURE. 

P'^any vertical load; 
Q » any horizontal load ; 

a -the abscissa of the point of application of P or Q; 
ft— the ordinate of the point of application of P or Q; 
yi, >^), and ^— ordinates locating the true equilibrium polygon for a 

vertical load as shown in Fig. a; 
^1,^, and Ji^— abscissas locating the true equilibrium polygon for a 

horizontal load (see Art. 22); 
8su is29 etc. — finite lengths into which the axis of the arch is divided; 

dx-^ 8s cos 4>f 
iy— dssin^; 
/i, I29 etc. — the moment of inertia of the cross-section of the arch rib 
for divisions dsu 8s2, etc. 

J J ^ 8S\ dS2' ^ 

Ji, J2, etc.-— , y-, etc.; 

2*- sign of siunmation, and when without limits the sum is to be 
taken from o to /; 

2*- sum from o to jc; 
£— the modulus of elasticity; 
F— area of arch rib at any section; 
«— coefficient of linear expansion for one degree; 
/®— number of degrees change of temperature; 
^— unit stress in extreme fibers of arch rib; 
^ — unit stress in steel reinforcement in reinforced-concrete ribs. 
Ml M2 Af I . Vi 

Ml M2 

JV,— Vt sin if>+Hg cos ^— axial or normal stress; 
y,— 7, cos <}>—Hf sin ^—radial shear; 

M,-Mi-\-Vix-Hiy-i:P(ie-a)+iQ{y-h); x>a. ... I 
V,.^^+Ri+IQ^ jj 

Mt=Mi + Vix-hiy+Q(y-b), horizontal load;] 
^^Mlt:£+Mll-y+^ vertical load f ™ 
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CHAPTER I. 

FUNDAMENTAL FORMULAS FOR THE ELASTIC ARCH. 

I. Angular Distortion Produced by Bending. — Let Fig. i 
represent an elastic arch which has been distorted so that 
the angle 4> h^ become ^ - i^ at a section having the co- 




Flo. I. 



ordinates x and y. Let the length of the section at ^r be 
taken as ^5 on the neutral axis, and assume that the dis- 
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tortion is confined to this section and produced by bending 
alone. Then, according to the common theory of flexure, 
the distortion of the fibers can be represented by Fig. la, 
and the forces producing the distortions by Fig. i6. 

In Fig. la, if cd represents the distortion of a fiber 
distant n from the neutral axis, cd^ +«( — *#, *0 and 
tan d<l> being assumed equal for very small angles. 

In Fig. 1 6, the intensity of the stress producing the 
distortion cd is pn, which may be taken in terms of the 
intensity p upon the outer fiber, or 

np 

The moment of pn about O upon the neutral axis of the 

arch is 

n^p 
npn =-f , 



and the sum of the moments of all of the intensities is 

a 

Inpn 



' .j!^P^t}n^=tl,^M, 



where /« equals the moment of inertia of the section x, 
and M X the bending moment at this section. 

Let Ex equal the modulus of elasticity of the material 
at this section; then, since 

rr unit stress 

Ex "- : r-, 

unit stram 
ds ds 
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This expression is not exactly correct, as it asstimes 
the length of all fibers before distortion to be ds, while 
actually each fiber has a different length. Usually the 
depth of an arch rib is quite small in comparison with its 
radius of curvature, so that the error is very small. 

Substituting this value of /> in the expression M, -— /« 
and solving for *^, 

This represents the change in the angle ^ due to the dis- 
tortion at the section x alone. If the effect of the distor- 
tion at all sections from A to B, Fig. i, be represented by 
A4>, then 







EJ, 



If ^ is the total central angle upon the left of the 
crown and -0/ that upon the right, then (f>o-<t>i is the. 
total central angle. The change in this central angle due 
to the distortions of all sections between o and / (where 
/ is the total span subtending the central angle ^-^0 
becomes 

^x^x 

2. Changes in the Coordinates x and y Produced by Bending 
only. — Let the distortion at the section x be the same as 
in the previous article, and assume the point A free to 
move; then, after the distortion, it would be in some 
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position as C, Fig. 2. x will be increased by dx and y 
will be decreased by 5y. 




FXG. 3. 

From Fig. 2, 

dy:dv::x:r, or rdy ^xiv^xrdif^ 

dx:dv':y:r, or rdx -^ySv '^yr9<f>. 

.'. 9y'^x94> and *x-y*^. 

Substituting the value of d^ from Art. i, 

The total change in x and y due to the distortion of all 
actions between A and B is 

Jx-J-=^ and Ay^s^f^. 

If now ^ is asstimed to equal /, we may write for the total 
•effect of the distortion at all sections upon the span / 

If y is assumed as positive when measured upward 
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and +C is the value of y when x^l, then, noting that y 
decreases tinder the particular distortion assumed, 

Exlx 

3. Changes in x and y Produced by a Direct or Axial Stress. 

— A direct or axial stress is one producing a uniform inten- 
sity at the section being considered; consequently the 
distortion of each fiber will be the same over the entire 
section (the modulus of elasticity Ex being assiuned con- 
stant for the section). 

If Nx is the magnitude of the stress and F, the area 

N 
of the section, -p^ -Po is the imit stress or intensity upon 

the section x. In Fig. 3 let a portion of 
the arch rib ds in length be acted upon 
by the direct stress N^, and suppose this 
stress produces a imiform shortening of the 
fibers ah\ then 

>r ab =%— . 
_ ^' 

ds 



^' ab' 



a h 



-^9- 



Fig. 3. 



If 2*06 for all sections between x and o be represented 


by Js, then 



JS' 



Ex 



If X'^l, and since this distortion is in effect a decreasing 
of the length of the arch axis, 

^z 
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In a similar manner 

Jx^-y^ and Jy=-i^. 
Also 

and 

^x 

4. Changes in 5, x, and y Produced by a Rise of Temperature. 

— Let ^-=the coefficient of expansion for a change of i® in 
temperature ; 

/°-=the number of degrees of change in temperatiure ; 

ds==ihe length in which a imiform change of temper- 
ature takes place. Then 





Js^ef" Ids, 









Jx^ef" hx. 


r^^A 





and 


Ay--ef Idy. 




If ^=/, then 






As = ei'' Ids, 









J/ = r/^ Idx, 


^♦»y4 





and 


Jc^ef" Idy, 
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5. The Combination of Bending, Axial Thrust^ and Tem- 
perature Effects. — Combining the formulas deduced in 
the previous articles, 

^xlx 
^^x^x ^x 

^x^x ^x 

In comparing the above equations with those given in 
the author's ** Treatise on Arches/' it is seen that the 
signs of the terms containing Af , are of opposite character. 
If we had assumed the upper fiber extended by the bend- 
ing,, the signs would have been in -agreement. The actual 
sign of the term depends upon M,, so the disagreement 
is of no importance as long as the terms are consistently 
of opposite signs. 

6. Neglecting the Axial Stress and Assuming the Modulus of 
Elasticity as Constant. — * The effect of the axial stress is 
quite small excepting in arches which are very flat. For 
fixed arches having a ratio of rise to span of Vio the effect 
of the axial stress is to reduce the magnitude of the hori- 
zontal thrust about 30%, while for a ratio of ^/^q this 
percentage drops to about 10%. Formulas which include 
the effect of the axial stress become somewhat complex, 
and as its effect can be found with sufficient accuracy for 



♦ Sec *' A Treatise on Arches," by Malverd A. Howe. John Wiley & Sons, 
New York. 



8 SYMMETRICAL MASONRY ARCHES 

practical purposes by another method, we will omit the 
term containing pQ in the formulas which follow. 

Usually the modulus of elasticity of the material in an 
arch rib is imiform, so that it will be unnecessary to con- 
sider E^ as a variable in our formulas. We will designate 
the tmif orm value by E, 

The formulas now become 

-I ' 

^ 

1 ' ' 

Jc- --^IM^A -\-Iefdy, 

tLQ 

where A in the second member of each equation -y. 



CHAPTER II. 
SYMMETRICAL ARCHES FIXED AT THE ENDS. 

7* Conditions which most be Satisfied.— (a) The total 
central angle must remain imchanged, or J^-J^i-o; 

(6) The length of the span must remain constant, or 
JZ-o; and 

(c) The relative elevations of the supports must remain 
tmchanged, or Jc— o. 

Expressing these conditions in the form of equations^ 
we have from Art. 6 



iM,J-o, (a) 



/ i 
iM^yJ'j-efEIdX'^o (6> 





and 



From (I), 



-iMjXJ+efEldy^o (c) 





M^'Mi-hViX-Hiy-IPix-a) +IQ(y-b). 



We have three equations (a), (6), and (c), containing 
in Mx the three unknowns Mi, Fi, and Hi, and conse- 
quently their values can be determined tmder the assump- 

tions made. 

9 
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8. Determination of the Horizontal Thrust Hi Produced by 
Vertical and Horizontal Loads and Changes of Temperature. — 

Let two equal vertical loads P and two equal horizontal 
loads Q be placed upon two points equally distant from 
the crown. (These may be the vertical and horizontal 
components of inclined loads.) Then 

arici 

I ) 

wherCiHn;, -^e common moment for symmetrical loads on a 

simple beam supported at the ends. 
Substituting the value of M , in (a) and (6), we obtain 

/ / / 

M1JJ-//1 JyJ+ Jm,J=o 
00 

and 

Ml lyJ -Hi 2y^J -f i'w^yJ -\-ef Eldx-^o. 
00 

/ 
Multiplying the first equation by lyA and the second by 



/ 

£A, eliminating Mi, and solving for Hi, we obtain 


lyA 
ef'EIdx + ImryJ-'Im^.J'Yj 

Hi - f JW)2 , . . (i) 



IJ 



which is the general expression for the horizontal thrust 
produced by two equal and symmetrically placed loads 
and changes of temperature. 
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Hereafter all summations between the limits / and o 
^ill be designated simply by 2", as in the equation for 
Hi above. 

9. The Horizontal Thrust Produced by a Single Vertical 
Load Placed at any Point upon the Arch. — In this case nix = 
the common moment due to two equal and symmetrically 
placed loads, or 

Px-'lPix^a).' 

Since the loads are equal and symmetrically placed, the 
value of Hi for one load must be just one half that for 
both loads; hence 

^ Im^yJ-Im^J-— 
^i""7 (lyj)^ ' • • • • (2) 



where 



or 



x>a 



m^^Px-IPix-a), 



10. The Horizontal Thrust Produced by a Single Horizontal 
Load Placed at any Point upon the Arch. — In this case 
Wx =* the common moment dtie to two equal and symmetrically 
placed loads, or 

x>a 

mx^IQiyb), 

Let hi —the horizontal thrust at the left support due to 
the load upon the left of the cro^Ti, and 
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but 
hence 



and 



A2 •the horizontal thrust at the left support due to 
the load upon the right of the crown. Then 

.2hi -Hi +Q 



Therefore 



hi 



Q + 






(3) 



where m, = 2Q{y -h) ■ 
Also, 



...fi 



G+- 



Im,d(y-^ 



lyj 



{y-m\ 



(3a) 



iz. The Horizontal Thrust Produced by a Change of Tempezm- 
ture. — ^We have directly from eq. (i), since Idx^l, 



H,- 



efEl 



I'fA- 






(4) 



also, 



H, 



ef>El 



My-%') 



(4a) 
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12. Deteniiination of the Bending Moment at the Left Support 
Produced by any Single Load and Changes of Temperature. — 
From (III), 

M^ ^Mt—j- +M^ -Hiy +m„ 

where 

/-a Qb 
m, ^P—^-x -\-^x ^P{x -a) +Q(y -6) x> a. 

Taking the two conditions that the angle at the center 
shall remain imchanged and that the relative elevations 
of the supports remain constant, we have from (a) and (c) 

and 

Substituting the above value of Af , in these two equa- 
tions, neglecting the temperature term for the present, we 
have 

Mil-^J +M2i'ji -HilyJ + ItngJ «o, 

l—x x^ 

-MiI—j-xJ -M2IJA +HiIxyJ - Im^J =0. 

Multiplying the first equation by I-rJ and the second 

X 

by -Jy-^i they become 

Mi/-j^J£jJ +M22jJIjJ --HilyJIjJ 



+ Ifn:,JIj-J'^o, 
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^MiJ^j^dSjA -MiljJ^^J +HiIxyJIjJ 

Eliminating Af 2 by addyig these eqtiatiens, we obtain 
^ / 2x^A\ ^ J Ix^d\ 

Since the arch is symmetrical in every particular, 

IxA I I 

-^ — andJyJx^—IyJ. Therefore we have 



SyJ 



-^'"'^(^-ilr) 



M,~H,-jj- . . . isa) 



IJ 



(t- 



IxJ/ 



For changes of temperature, from (a) 

2M,J =o. 

From (III), 

M,=Mi-H,y. 
then 

MiIJ-HtlyJ-o, 
or 



M.^IU^ (56) 
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13. Formulas which Apply for Vertical Loads only. 

where m, for each load considered has the following value : 



x>a 

m,^Px-2P{x-a). 



-£yi 



^ I 2x^d\ 



where 



J4 .yM:.Mi\- 



m^^RiX-iP{x-a), 

or the common moment for loads on a simple beam sup- 
ported at the ends. 

M,-Mi^^+M2j-Hiy+m„ . . . (Ill) 
where 

where /?«2'P— p=the common reaction for loads on a 

simple beam supported at the ends. 
For symmetrical loading 

Mi=Hi-jj — jj- .... isaa) 
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14. A Graptucal Determination of m^,. in (la) for Verticd 

Loads,^ — The equation mx=^Px-IP(x-a) may be repre- 
sented graphically as follows: Lay off a load line 2P in 
length, and with a pole distance of P construct the ordinary 
equilibrium polygon as indicated in Fig. 4. Since the 




loads are equal and symmetrically placed, the reactions 
are equal and each equal to P. Then in the equilibrium 
polygon the ordinate oft, before any load is reached, equals 
X. The moment ntt^Hiab) =Px; hence the ordinate ab 
represents the true value of m^ for P = unity. 

The ordinate a'b' between the loads equals a and Wx= 
H{a'b')^Pa = Rtx-P{x-a), and as before the ordinate 
aV represents the true value of m^ when P= unity. 

From the above construction it is evident that when 
Hi is desired for any single load the graphical construction 
is quite unnecessary, as m^ always equals Px or Pa on the 
left of the center. Since the equilibrium polygon is sym- 
metrical for each value of m^ on the left, there will be a 
corresponding value upon the nght. 

In case the values of Wj are desired for a combination 
of loads, the method of procedure is essentially the same 
as outlined for one load. Lay off a load line equal to 
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twice the loads for which m« is wanted. Opposite the cen- 
ter of this load line take a pole at any convenient distance 
H, and construct an equilibrium polygon in the usual 
manner. The value of m, at any point equals the ordi- 
nate of the equilibrium polygon at that point multiplied 
by the assiuned H. In most cases it is more satisfactory 
to compute the values of m,. 

15. A Graphical Determination of Some of the Factors in 
the Equation for Hi for Vertical Loads.— The expression (2a) 
in Art. 13 may be written 






2lyA 



(-^) 







Fig. 5. 



Let ABCy Fig. 5, represent the axis of the arch. Compute 

lyA 

-5;^ and lay off its value upward from A and C Then 

draw DE. The heavy ordinates will be the values of 

lyd 
y 2: J • 

In like manner let A'B'C represent the equilibrium 
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polygon where the ordinates are -77. Draw L^E' as 
indicated in Fig. 6. Then the heavy ordinates represent 

IB' 
l + l 




Fio. 6. 



16. A Graphical Representation of the Second Term in the 
Expression for Afi for Vertical Loads. — The second term of 
(50) for convenience we will designate as mi, or 



mi=- 






J Im^dix-^^t) 



' /I , Ix^I\' 



x>a 



where m, =RiX - IP{x -a) . 

A ^ 




Fig. 7. 



Let the common equilibrium polygon for the given 
loads be represented by B'AB" in Pig. 7. 
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We will now prove that when the line A'A" is drawn, 
so that I{aa')J=o and Iiaa')xJ=o, the distance i4'B' = 

^. When I(aa')J'=o it at once follows that I{ab)J = 

I{a'h)A. Prom Fig. 7, 

aa' ^a'b -ab =a'c+cb — a6, 



. fK2X . tnil—x 

a^=T7'y and co^^-tj- — — . 



Hence, since ab = j^, 



aa' 



^ fH2 X flt\ I — X Htx 

multiplying through by i, 

,^ ffloX . fH\l—X. fltx M 



also, 



ntzx!^ . mi(l-x)x m^x . 
{aa')xA ^jj- jJ ^j^ —J— ^j^J. 



Making I(aa')J=o and I(aa')xJ'=o and eliminating tt 
between the resulting equations, we obtain 

IntxXJ - Im:,Jj^ 

ffii = 



Ix(l -x)d-2(l-x) A-^^^ 



Ixd 
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This readily reduces to 



2m 



(i ^^^\ * 

\ 2 IXJ I 



the second term in the expression for M\ in Art. 13. 
From the above demonstration it at once follows that 



In Fig. 7 



and 



'i'-'-jn-i 

ffll +tW2 2fKxA 



FG^ 



A'K=A"K 



2H lA ' 



<'-'^!) 



17. A Graphical Representation of Mx for Vertical Loads 
only. — From (III), 

Mx _ Ml l-x M2 x^ ntj. 

Hi ~//i / '^H\l'y'^Hi' 

In Fig. 8 let ABC he the axis of the arch and A'b C 
the equilibrium polygon for a single load drawn with a 

pole distance of Hi and located so that A'A" = TFand 
aC"^~. Then 

A A' ^ A' A" A A'' — nil ^ 

/i 1 2 J 



or 
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Hi(AA') =mi -Hi^= -Ml. 



ai 



In like manner H{CC') = +M2. 

Let -jr =yi and jj- =5/2. Then 



M, l—x X (nix , \ 

=» —df+ef—ad+be^ —ab. 
Therefore Mx^Hi{ab), or the bending moment at any 




Fig. 8. 



point equals the ordinate between the axis of the arch 
and the true equilibrium polygon. 

Usually the ordinate ab is so small that no very accu- 
rate results can be obtained from a drawing. From the 
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above demonstration it is evident that 



ab—ac—cb 



lyd 






quantities which can be qtiite accurately determined 
from a large-scale drawing. However, more satisfactory 
results will always be obtained by algebraic methods, 
tising graphics merely as a check. 

i8. The Loads Producing a MaTimum M, and the Ordinatea 
Locating the True Equilibrium Polygon for a Single Vertical 
Load. — In Fig. 8 take moments of all the forces upoa 
the left of b about 6, or 

njt TT Tr Ml Vl 



which becomes 



Vxa 



Since yi and ^2 are known, Art. 1 7, the equilibritun polygon 
is completely located. 

Assume that we wish to determine the loading which 
will produce the maximum positive and negative moments^ 
respectively, at the point AT, Fig. 9. Now, since the mo- 
ment is proportional to the ordinate between the arch 
axis and the equilibrium polygon, it is evident that the 
moment will be zero for any load which has its equilibritun 
polygon passing through K. As shown in Fig. 9, the 
shaded portion of the span loaded will cause one kind of 
moment and the imshaded portion loaded will produce 
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the opposite kind. In case the moving load is a unifonn 
load these two moments will be greatest at this point. 

For arch ribs which do not have too great a variation 
in section from the crown the absolute maximum moment 




Fig. 9. 

between the crown and the support is between 0.25 and 
0.35, the span for uniform moving loads, while the great- 
est moment of all is at the support.* 

It also appears from examples solved in detail that 
sensibly the same loading can be used in both cases. The 
division of the loads is indicated by the sign of A/i, the 
moment at the support. Loads which produce positive 
moments at the left support will produce negative moments 
at about the three-quarter point of the span. 

19. The Effect of the Axial Stress for Vertical Loads only. — 
The effect of the axial or direct stress is to shorten the arch 
rib, Art. 3, and may be considered, with a close degree of 

♦ "A Treatise on Arches," by Malverd A. Howe. John Wiley & Sons, New 
York. 
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approximation, to a certain drop of temperature. Conse- 
quently, if we can determine the horizontal thrust pro- 
duced by axial stress due to any particular loading, we 
can compute the resulting stresses in the arch rib. We 
are not concerned with the actual magnitudes of the axial 
stress at the various points of the rib if we can find the 
horizontal thrust^ The moments and stresses will at once 
follow by methods outlined for temperature changes. 

Formulas which include the effect of the axial stress 
show that in the expression for if i the numerator is so 
slightly affected that the axial stress terms can be neg- 
lected without serious error.* 

For convenience let N represent the numerator of Hi ; 
then the common expression is 

' ■• N 



With the effect of the axial stress included this becomes 



//i'=- 






Let //a^the horizontal thrust due to the axial stress; 
then 

Ha—H\—Hi, or 77" "^^""TT"- 

\ 2lyj[y-fj-)+2lpr cos <t>l 

♦ " A Treatise on Arches," by Malverd A. Howe. John Wiley & Sons, New 
York. 
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This value of //«, which is quickly obtained, is to be 
treated as the horizontal thrust due to a drop of tempera- 
ture which would produce a thrust of equal magnitude. 

20. Loads which Produce Maximiini Values of Tg or Radial 
Shear. 

Tx = {Vi - IP)cos <f> -Hi sin ^. 

For loads upon the right of B, Fig. lo, 

Tx = Vi cos <f> -Hz sin <f>. 

If S\ is normal to the radius passing through B, it is 
evident from the figure that r« =o, since Vi cos ^ =Hi sin ^. 
Hence all loads upon the right of P" will produce one kind 




Fig. 10. 



of shear ^d those upon the left the opposite kind imtil 
P' is reached. Since Vi —IP results in a downward force, 
the loads upon the left ot B produce the same kind of 
shear as those upon the right of P". The fields of loading 
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producing the same kind of shear are clearly shoT/vn in 
Fig. ID. 

21. Fonnulas which Apply for Horizontal Loads only. — 
From Art. lo, 



*,.j( 



Intrd 



0+- 



{y-^) I 



where 



nix = ^Q{y-b). y>b. 



From Art. 12, 



Ml =Aj 



Iy4 






IJ 



l_ ££J\ • 



(i- 



where 



(30) 



(50 



»»,=Qj- + i0(7-6). y>b. 
M, = Af ,^ +M2J -hxy +Qjx +'}Q(y -b). 

The above formulas are for a single horizontal load 
which produces a thrust at the left support. In practice 
the reverse may be the case, but the solution of the equa- 
tions presents no difficulties if care is taken to give m, its 
proper sign. Of course, when there is a thrust at the left 
support there will be a pull at the right support. 
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22. A Graphical Representation of Mx for a Single Horizontal 

load.— From (III), 

Af X =Mi + Vix -hiy +Q(y -6). y>b, 




or 



Fig. zz. 
For all points between x=o and x^a 
Mx=Mi+ViX-hiy, 

Mr Ml X 

Let the equilibrium polygon be constructed as shown 



Ml 



M2 



M, 



M2 



in Fig. II, where yi =-7--, ^2=-]--' ^^ ""IT^* ^^^ ^2=Tr-. 



Ai 



Vi 



On the left of Q, ^a=yi ^-jj^. ^^^IT"' ^^^^® 

V^ =flt =cd-\-cb —y. 
hi 

For points upon the right of Q we can write 

-Mx =M2 + ^2^ -A2)', 
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or 
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M 
A2 -^ 

The character of the bending moment is clearly shown 
in Fig. 1 1 by the shaded areas. The points E, E\ etc., are 
the points of zero moment. 

From Fig. 11, 

or 






If xo is computed, it will check the previous work for 
1 )cating the equilibrium polygon. 

23. A Graphical Representation of M^ for Two Equal and 
Symmetrical Horizontal Loads. — In {^0) m, for the left 

[b 
o ^^ ^ i "^ . 9- 




Fig. 12. 

load (Fig. 12) will evidently equal ni^ for the load upon 
the right, but will be opposite in character; therefore 
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^1=0=^2 in magnitude, hi and A2 will be opposite in 
direction. 

Also, from (5c), 



Mr^h^^^Q^. 



From (III), 



*>a 



M^'Mi+ViX-hiy + IQiy-b), 
which becomes, since Vi =o, 



M, 



l^.,,,.,].,(M.,) 



for all points between the loads, and 



M^^Q 



2J 



-y 



for all points between the support and a load. This is 

shown by the shaded ordinates in Fig. 12. 

3s 
24. Arch Ribs for which J is Constant. — Since ^ =-y, it 

is evident that if we so divide the axis in parts of dsi, 
ds2, etc., in length, that the quotient of each ds by the 
moment of inertia of the section of the rib for this distance 
is constant for all sections, the value of J will be constant. 
Under this assumption the formulas to be given later can 
be applied to — 

I® Arch ribs of constant cross-section when the axis is 
divided in equal parts, each ds in length. 

2® Parabolic arch ribs for which EI cos ^ is constant 
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when the span is divided into equal parts each dx in 
length. 

ds 
3® Any arch rib for which -y is constant when the axis 

is divided into spaces ds, ds\, ds2, etc., so that the moment 
of inertia (usually taken at the center of each division) for 
each division bears a constant ratio to the length of the 
division ds, 

25. Formulas for Hi and Mi for Vertical Loads when A is 

Constant. — Remembering that —7-=n, the number of div- 

j 

^ions, we have at once from (2a), Art. 13, 



H,.l 






2 lyiy-ya) 

X 

where m^^Px- IP(x - a) , ^r > a, and 



(26) 



*Mi=/f.)/,- 



Also 



-(^f) 



Afil 



'//ij-a- 






fsrf) 



♦ WTien the J^an is divided into n parts ^:(p each and Jf =- — , ~^Jc, — fx, etc 

22 a 

Ix 12 ^ '^ \2 2« / 6 
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x>a 

where m^=RiX-IP(x-a) and Ix = ^nl. (See Art. 88.) 
For any symmetrical loading 

Mi^Hiya-^'. .... (sdd) 

//i=i(totalload). 

26. Fonnulas for hi and Mi for Horizontal Loads when J is 
Constant. — From Art. 21, 



*.-; 



i-w,(y-y,) ] 
^ 2y{y-ya) 



(36) 



where m^'^IQiy-h), y>b. 



^Mi'hiya // j^y (5<f) 






6 « 
where t»:p='07 + -J'Q(j'-6), y>6, and 

For any symmetrical loading 

Mi=^hiya (5^^) 

Ai =i (total load). 

27. Formulas for H^ and Mi for Changes of Temperature 
when J is Constant. — From Art. 11, 



JiXy-^a)' 
From Art. 12, 

Ml ^HtVa. 



$2 
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28. Effect of the Axial Stress when J is a Constant — From 
Art. 19, 



Ha^HJi- 



lyiy 



2y(y-ya) \ 

^dx cos 6 \ 



where Hi is the horizontal thrust obtained from formulas 
which neglect the effect of the axial stress. 

29. Determination of Ngf the Normal or Axial Stress, and T^ 
the Radial Shear at any Point. — In Fig. 13 let Ss be the 




Fig. 13. 

stress in the equilibrium pol5rgon in position and magni- 
tude ; then we have at once 

Nx =» V, sin <l> +Hx cos <f>, • 



x>a x>a 

where V^^Vi-IP and //,=Hi-J0. 



Also, Tx = Vx cos (p—Hx sm <f>, 

Vx and Hx having the values given above. 
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30. A Graphical Detennination of N^ and T^ for Vertical 
Loads. — In Fig. 14 let 52 be the side of the equilibrium 




p 


p. 






't _ 




P4 




^ 






1 




~^ 


t^ 


\ J 


' ^ 




c • ' ^ 






8 
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polygon cut by the section where N^ and 7, are desired. 
From the pole in the force diagram draw a line normal to 
the section, and at the upper extremity of 52 drop a per- 
pendicular upon this line, forming a right triangle with 52 
as the hypothenuse. The two legs of the triangle will be 
the magnitudes of Nx and T,, as indicated in the figure. 

31. Fiber Stresses for any Section. — (a) In the case of 
a steel rib, to which the formulas given above probably 
more nearly apply than for ribs of any other material, the 
formula based upon the common theory of flexure may be 
used. This formula may be written 

NxMxZ Nx^ I 



where p =the stress in the outer fiber; 

iV,— the axial stress or the normal component of the 
resultant stress upon the section being con- 
sidered ; 
F— the area of the section; 
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Mx=the bending moment at the section; 

2-= distance of outer fiber from the neutral axis; 
/ =the moment of inertia of the section; 

5=— =the ''section modulus." 
z 

The above formula considers that the modulus of elas- 
ticity E is constant throughout the section for all inten- 
sities which do not exceed the elastic limit of the steeL 

(6) If the arch rib is composed of natural stone vous- 
soirs, it will be incapable of resisting tension at the joints 
owing to the imcertainty of the adhesion between the 
mortar and the stone. Consequently the above formula 
applies only when the resultant pressure upon any joint 
lies within the middle third of the joint ; that is, the entire 
joint or section will be in compression. 

In case the resultant does not lie within the middle 
third but does lie within the section we may yet have a 
perfectly stable structure. Suppose that the resultant cuts 
the section outside the middle third but not outside the 
stone, as in Fig. 15. 




Fig. 15. 

Let rf= distance from edge C The pressure may be 
assumed to be imiformly varying from C towards A, so that 
h! X will pass through the center of gravity of the intensities; 
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then 
or 

As long as pis so small that there is no danger of the stone 
being crushed the arch is stable. It is a recognized fact 
that this condition exists in a large ntimber of arches now 
standing. 

(c).Arch ribs constructed of plain concrete are capable 
of resisting a limited amoimt of tension, but it is better to 
treat them the same as if of natural stone. The ring may 
crack entirely through and yet be perfectly stable. Small 
rods of steel distributed laterally and circumferentially 
near the surfaces of the rib will prevent a considerable 
number of small cracks which might be produced by change 
of shape after removing the false work or changes of tem- 
perature. 

(rf) Reinforced-concrete ribs have circumferential steel 
rods or bars placed a short distance from the upper and 
lower surfaces of the rib to resist any tension which may 
occur. Even in this case the best designers limit the equi- 
librium polygons for dead and live load to nearly the 
middle third of the ring, so that there will be no tensile 
stresses. 

The actual distribution of stress on a section of reinforced 
concrete is at present imknown. Many experiments have 
been made upon beams reinforced at the bottom, and 
various formulas advanced to aid in designing such beams, 
all giving fairly rational results. The elastic theory of 
the arch assumes that the linear arch is the neutral axis 
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of the material arch, and any great departure from the 
assumed form will affect the stresses; hence, since the 
experiments upon beams indicate that the neutral axis 
shifts for different loadings, it is evident that great refine- 
nient either in the calculation of stresses or the distribu- 
tion of stress over a section is entirely out of place. 

In the Melan system of reinforcement steel ribs are 
used spaced about 3 feet on centers. Here the steel may 
be assumed to resist the bending moments, and the concrete 
the direct compression. The concrete also prevents the 
steel ribs from buckling. It is questionable if the above 
assumption actually obtains. It is well on the side of 
safety, however. 

One of the simplest methods in use merely replaces 
the steel reinforcement by an equivalent area of concrete 
and then employs the formula given above. 

If the modulus of steel is Et and that of concrete E^, 

then the equivalent area of concrete will be ^ = n times 

the actual area of the steel. The fiber stress in the steel 
will actually be n times the fiber stress found for concrete 
in the position the steel occupies. 

If a equals the area of the steel and A the area of the 
concrete, then 



— j:— 



12 * 
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and hence 



iVx 



±M, 
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This formula assumes that the concrete resists tensile 
stresses which it is not capable of doing to any great extent, 
its tensile strength being somewhere near one tenth the 
compressive strength. 

The above formula may be applied until the maximum 
safe tensile strength of the concrete or steel is reached, and 
then the method employed for stone arches when the result- 
ant presstire lies within the ring until the safe compressive 
strength is reached* 

AH of the methods are quite approximate for reasons 
given above, and since the modulus of elasticity of concrete 
is not constant. 

32, Reliability of the Elastic Theory when Applied to Steel 
Ribs.— There is but little doubt that the theory is correct 
for solid steel ribs having a depth which is comparatively 
small when compared with the radius of curvature, when the 
loading is applied at isolated points through vertical posts 
which are imbraced in the plane of the rib. The modulus 
of elasticity of steel is quite constant and it is capable of 
resisting both tension and compression. The deformation 
of steel either under direct stress or bending follows very 
closely that found by theory. In 'truth the theory is 
probably as exact for steel arch ribs as the common 
theory of flexure is for steel beams. 

$^, Reliability of the Elastic Theory when Applied to Ribs 
Composed of Natural Stone Voussoirs. — Here we have a 
material which cannot be trusted in tension; this is espe- 
cially true of the joints between the voussoirs. In direct 
compression the modulus of elasticity is not constant but 
varies with the load, and then not according to any very 
definite law. However, within narrow limits it may be 
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considered as constant without serious error. Such being 
the case we may apply the elastic theory with confidence 
as long as the equilibrium polygon lies within the middle 
third of the ring, or when every section or joint is subjected 
to compressive stresses. We may also consider the theory 
as applicable when the polygon lies within tite ring, pro- 
vided the compression is not sufficient to crush the stone. 
In case the equilibrium polygon passes without the 
ring at any joint, theoretically a free arch ring would fail. 
In practice this condition often obtains in stone bridges, 
yet they do not collapse or show serious signs of failure. 
It is true that some joints open slightly, but this appears 
to have little if any detrimental effect. This apparently 
proves that the elastic theory cannot be applied tmder 
such conditions. It is no fault in theory, but a failure to 
carry out in practice the assumptions made in applying 
the theory or basing the application of the theory upon 
wrong assumptions. For example, the elastic theory 
assumes a free rib capable of changing shape under various 
loads, while in practice the great majority of stone bridges 
have the ring securely clamped beneath the solid spandrel 
walls and by a mass of concrete backing of varying thick- 
ness. Such a structure may be said to become more and 
more stable under an increasing imiform loading, until the 
safe crushing strength of the arch stone is reached. This 
backing exerts a great passive force preventing any up- 
ward movement of the arch ring. It is evident, then, that 
if the ring is stable under the elastic theory assuming a 
free ring, it will be quite safe when clamped as explained 
above, and furthermore it does not necessarily follow, 
because the equilibrium polygon lies without the ring proper 
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at some joint, that the arch will fail, for the spandrel 
masonry will prevent a change in shape of the rib to any 
great extent. The question at once presents itself: What 
does happen? Probably the masonry readjusts itself imtil 
equilibrium exists, the arch ioints are compressed un- 
equally, and the friction of the spandrel masonry aids 
very materially in reducing the opening or compression 
of the joints at the extrados— in fact introducing an 
effective tension or compression, as the case may be. 

Again, in bridges having a considerable depth of side 
wall above the crown a large portion, if not all, of the 
ring tmder the walls might be removed in many cases 
without complete failure, the wall masonry forming 
an arch in itself. In conclusion, for the dead and live 
loads the arch ring which is safe when assumed to be 
a free ring will be safe imder the usual construction of 
the spandrels, or if the loads are transmitted to the ring 
through verticals as in steel structures. All arch rings 
should be so designed, using a factor of safety of ten for 
the crushing strength of the stone. 

Provision for the stresses produced by changes in 
temperature was entirely neglected by the old builders, 
and for that matter by practically all modem builders. A 
temperature change of but ±40® P., according to the 
elastic theory, produces a very wide range of stress both 
of tension and compression. These are a maximum at 
the supports. If any considerable change of temperature 
actually occurs and the elastic theory can be correctly 
applied, the arch ring, if free, should collapse. As stone 
arch bridges have stood for thousands of years without 
failure, we must conclude that either the stone does not 
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change in temperature through anything like the range 
of change in the air, or the arch ring adjusts itself with 
the aid of the spandrel masonry so as to resist the tem- 
perature stresses without excessive unit stresses, or the 
theory does not apply. Probably all three conclusions are 
more or less true. Even in the Northern States it is doubt- 
ful if any of the stonework, excepting possibly the more 
exposed surfaces, has a change of temperature of a great 
range, — ±20** P., say. The ring without any doubt adjusts 
itself to suit new conditions. 

To show how small a change would be required in the 
mortar joints alone to provide for a change of 40*^ F., take 
a free rib of granite having a span of 60 ft. and a rise of 
8 ft. (measurements taken for the axis). The length of 
the rib axis is 62.8 ft. The coefficient of expansion for 
I® F. is 0.0000038. Then the total change in length of the 
rib is 0.0095 ft-i if there are 42 joints, the change in each 
joint would be 0.0002 ft. .0024 in., which is too small to 
be readily detected. Of course the joints do not all dis- 
tort the same. Again, assume the rib under masonry 
spandrel walls, and let there be an increase of 40** F. in 
temperature, and also assume that the rib cannot rise; 
then the entire temperature effect must be used up in- 
compressing the ring. The change in length per unit is 
4o(.ooooo38J ^0.00015. If the £ =6800000, the stress per 
square inch is a little over 1000 lbs. This might be in- 
creased to 1 0000 lbs. without the granite being crushed, 
even with the dead- and live-load stresses added. 

Considering our ignorance of the actual temperature 
changes and the behavior of the stone under these changes, 
it is useless to attempt any theoretical treatment until our 
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knowledge of the subject has been very much increased. 
The temperature stresses appear to be able to take care 
of themselves as long as the rib is stable for the dead and 
live loads. 

34. Reliability of the Elastic Theory when Applied to Plain 
Concrete Ribs. — Here we have a material which is fully as 
variable in its physical qualities as natural stone. Gen- 
erally we have no joints to consider and no masonry span- 
drel backing, but we do have monolithic spandrel side 
walls clamping the rib, in many instances. As concrete 
resists tensile stresses but indifferently, it is not safe to 
permit more than one tenth its safe compressive strength 
in designing. As this amoimts to about 50 lbs. per square 
inch, it may as well be neglected entirely, and the rib 
designed for the dead and live loads so that no tension 
can exist at any section. 

The effects of changes of temperature are as imcertain 
as in stone arches. Having no joints, the ring cannot 
readily adjust itself, and hence probably resists some ten- 
sion. As the modulus of elasticity is much less than for 
nattiral stone, and the coefficient of expansion but some 
60% greater, the theoretical stresses are very much smaller. 
For free rings no tension exceeding 50 lbs. per square inch 
should be allowed imder any conditions, unless the con- 
crete is reinforced with steel to prevent cracking. At 
present there appears to be no rational way of determin- 
ing the amount of steel required so all that can be done 
is to experiment and follow previous builders where they 
have been successful. If the rib should crack through, it 
would not necessarily mean failure, as then the behavior 
would follow^ that of a voussoir ring. 



4* 



SYMMBTHiCAL MASONRY ARCHES. 



3$. Reliability of the Elastic Theory when Apphed to 
Remforced Concrete Ribs, — Concrete when reinforced with 
steel is very much more reliable than concrete without 
the steel The principal difficulty experienced is the k 
tion of the neutral axis of any particular section. The' 
lx:ation without any doubt shifts about under the action 
'of different loads. As the elastic theory assumes the arch 
axis to pass through the neutral axis of each section cf 
the rib, it is evident that we must assume the axis to lie 
.at the center of gravity of the section and treat the mate- 
rial according to the common theory of flexure. 

While a reinforced rib will safely resist tension by virtue 
*of the steel, yet the best designers so proportion the arch 
ril? that it is never subjected to tension imder dead and 
live loads. For temperature stresses the compression in 
the concrete must not exceed about 800 pounds per 
square inch, including the effect of the dead and live 
loads. Under this assumption the concrete may crack 
on the tension side, and the steel resist all of the 
tension. 

Even when considering the difficulties briefly mentioned 
above and our almost absolute iterance of the actual 
distribution of stress over a reinforced section, we are 
compelled to accept the elastic theory as our best guide 
in designing reinforced -concrete ribs> 

36. Reliability of the Elastic Theory; Summary,— For steel 
ribs it is without doubt quite reliable. For natural stone, 
concrete, and reinforced concrete the theory can be use<^I 
with confidence as long as no tensile stresses occur in the 
rib. When tensile stresses obtain the theory appHcd 
under the usual assumptions is but an approximation. 




SYMMETRICAL ARCHES FIXED AT THE ENDS, 43 

37. Depth of the Arch Rib. — This must be assumed 
from the best data available, and then calculations made 
to see if it will answer tinder all conditions of loading and 
changes of temperatta-e. If foimd necessary, the rib can be 
modified somewhat without making new calculations by 
changing the moments of inertia of all sections in the same 
ratio. The dead- and live-load stresses will remain sensibly 
tmchanged, the change in weight of the rib being very 
small in comparison with the total dead load. The tem- 
perature and axial thrust stresses will be slightly modified. 
The question of the necessity of a new calculation must be 
decided by the designer according to his best judgment. 
In Table II are given the data for a large number of arch 
ribs to aid in assuming the dimensions of a proposed 
design. 

The articles immediately following give the princi- 
pal empirical formulas for the dimensions of arch rings, 
etc. 

38. Empirical Formulas for the Thickness of the Ring at the 
Crown in Stone Arches. — Many formulas have been ad- 
vanced for the depth of the arch ring at the crown. These 
are usually based upon the dimensions of arches constructed, 
and hence they merely indicate that an arch built like one 
which has been standing some time will probably stand 
also. 

NOMENCLATURE. 

/o=depth of arch ring at the crown, in feet; 

/?=radius of curvature of intrados at the crown, in feet; 

/= clear span of arch, in feet; 

/= clear rise of arch, in feet. 
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Trautwine's Formulas* — The following formulas apply 
to circular and elliptical arches: 
For first-class cut stone : 



to =0. 25%//^ +0.5/ +0.2. 

For second-class work : 

to =^o.2Si\/R +0.5/ +0.225. 
For brickwork or fair rubble : 

'0= 0.333 V^ToTs/ +0.267. 
Low's Formula: '\ 

to =o.i25\'^io(/-f)+2//, 

where //=the surcharge above the extrados at the crown. 
Rankine's Formulas: 

to = \/o. 1 2R for a single arch ; 



/o = V0.17/? for an arch in a series. 
Perronnefs Formula for circular or elliptical archest^ 

/o = i +0.035/. 
Dejardin's Formulas for circular arches :% 

For7 = - /o = i+o.io/?. 

/ 2 

For^=i- /o = 1+0.05/?. 

♦Trautwine*s "Engineer's Pocket-book." 
t Engineering News, June 15, 1005. 

X From paper by E. Sherman Gould, Van Nostrand's Mag., vol. xxix, p. 450, 
1883. 
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For ^ =^ ^^^ +0.035/?. 

For 7-=— <o = 1+0.02/?. 

/ 10 

Dejardin's Formula * for elliptical and basket-handled 
arches: 

Forj-=^ ^-1+0.07/?. 

Croizette-Desnoyer's Formulas:* 
Forj->^ <o-o.so+o.28V2^. 

Forf = r- <o =0.50+0.26x^2/?. 

/ I . 

Fori- = — /o =0.50+ 0.20 V 2/?. 

/ 12 ^ o 

¥oT elliptical arches use R for circle having same rise and 
span. 

German and Russian Practice: * 

/o = I +0.035/ +0.02//, 

where //-the surcharge over the extrados at the crown,, 
including the moving load if any. 

Austrian Specifications for large arches of brick and 
stone: t 

/// between i and |. 

For /= 30 metres. . . . to = i.i m. 

For/= 40 ** .... /o = i.4 ** 

For/= 65 '* ... /o = 2.2 ** 

♦From paper by E. Sherman Gould, Van Nostrand's Mag., vol. xxix, p. 450. 
1883. 

t " A Treatise on Arches," by Malverd A. Howe. Wiley. 
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For / = 80 metres .... /o = 2.7 m 
For/ = ioo ** .../o=3.4" 
For / = 120 *' ^ = 4.1 *' 

39. Thickness of Arch Ring of Stone at the Support. — For 

semicircular stone arches it is generally assumed that the 
masonry for 30® from the spring line is self-supporting and 
consequently has no arch action. If this is so, then the 
maximum angle which a stone arch ring can be considered 
to subtend is 60*^ each way from the cro^n. If the loading 
is so arranged that the equilibrium polygon follows the 
axis of the ring, then the pressures will vary directly as the 
secant of the angle ^; consequently the ring thickness 
60® from the crown should be ^ =/© sec 60® = 2/0. 

♦ Croizeite-Desnoyer's Formulas for segmental arches: 



For 



For7 = g- /, = 1.24/0. 



For 



I 
6 



/, = 1.40/0. 



I 
10* 

ForT=— . 
12 



/. = 1.15/0. 

.... /, = 1.10/0. 

For basket-handled arches : 

when T=- /, = 1.80/0; 

* 3 



f ^1 

'/ 5' 



/, = 1.60/0; 
/. = 1.40/0. 



* Van Nostrand's Engineering Magazine, vol. xxix, p. 454. 
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40. Thickness of Abutment. — Trautwine's rule for all 
kinds of stone arches is best explained by means of a 
diagram, Fig. 17. This form of abutment, according to 




a-OJ2R+0.1/ + 8.0 



Fig. 17. 

Trautwine, is sufficiently strong to take the thrust due to 
the dead load before the back filling of earth is in place. 

Rankine states that in existing structures the thickness 
a varies from | to | the radius of the intrados at the crown. 

Baker, in '*A Treatise on Masonry Construction," gives 
a formula, said to represent German and Russian practice, 
which has the form 

a = i +0.04(5/ + 4/0, 

where h is the distance from the spring line down to the 
top of the foundation. 
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41, Thickness of Piers.— In a series of arches it is cus- 
tomary to use several narrow piers and then introduce a 
much heavier pier» called an abutment pier. This should 
be of sufficient strength to resist the thrust from one side 
without any aid from the arches upon the other side. The 
thickness will then be the same as if it were an abutment 
in reality without earth backing. For the regular piers 
various rules have been used. Twice the thickness of the 
arch ring at the crown plus a fraction of a foot has 
been used in very important bridges. Usually piers are 
from 2} to 3 times the thickness of the arch ring at the 
crown. 

The vertical load upon piers is not very large w^hen 
measured in tons per square foot, and as far as strength 
is concerned they could be made considerably smaller 
than outlined above. The only horizontal thrust to be 
resisted is the unbalanced thrust produced by the moving 
load, imless adjacent arches are of different dimensions. 
With the exception of high bridges the effect of the wind 
is of no moment. 

43. Remarks concerning Empirical Formulas. ^The for- 
mulas given in the previous articles are based, for the 
most part, upon actual structures and will without doubt 
lead to safe structures if the equiv^alents in materials and 
workmanship are held throughout. Apparently the for- 
mulas apply to all kinds of stone, as no mention is made 
of the quality of the materials (excepting Trautwine's for- 
mulas) used. Unquestionably the arch rings were con- 
structed of average materials , probably no better if as 
good as those used now ; hence the formulas will be of ser- 
vice in assuming dimensions which can be relied upon as 
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being safe for structures quite similar to those upon which 
the formulas are based. 

43. Albula Railroad Practice* (gage i m.). — The follow- 
ing dimensions were used in the construction of a great 
nmnber of arches on the Albula Railroad. 



Baaeof ran 




Fig. 18. 

Span / — 6 8 10 19 15 30 35 

Key ^0 ""O-SS ^'^ 0-70 ^IS ^-^ ^'9^ '-oo 

Spring /« >"0.8o 0.90 1. 00 1. 10 1.20 1.35 1.50 

Pier 6 -« 1 . 20 i . 35 i . 50 i . 70 2.10 2 . 70 3 . 60 

Abutment a ^i.yo 1.90 2.10 2.80 3.50 4.20 5.30 

Twenty-six viaducts were built of the spans given below : 

Span / -"lo II 12 14 15 16 20 22 35 27 30 42 

Number of 

^>an8 ""33 3 7 i 16 14 15 i x i x i 

(All dimensions are in metres.) 

44. The Dead Load. — Very little is required in the way 
of discussion in reference to the dead load for steel ribs. 
The floor and all supports, and even the lateral systems, 

♦ The Engineer, 1904. 
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can all be designed and the actual weights computed. 
There remains, then, only the weight of the rib proper to 
be estimated. The weight of the assumed rib will be 
sufificiently close for all purposes, as a large error in the 
weight of the rib will be comparatively smaU for the 
entire load. The weight above the rib is usually trans* 
mitted to the rib through verticals extending up to the 
roadway. 

In the case of masonry ribs with the spandrels com- 
pletely filled with earth, sand, gravel, etc., the actual load 
supported by the rib is not very definite. If the filling is 
put in in horizontal layers well compacted, the load upon 
the ring will certainly not exceed the actual weight of the 
material, and it is very doubtful if such filling creates any 
considerable horizontal thrust against the rib. If per- 
fectly dry and clean sand or gravel is employed, then 
there may be horizontal forces acting against the rib. 
These will be very small, however, for segmental arches. 
This thrust can be found according to the theory of earth 
pressure,* 

The consideration of the horizontal thrust of the span* 
drel filling is a refinement not warranted tn works of this 
class. Tlie weight of the spandrel filling with pavement, 
arch rib, etc.» should be considered as divided into vertical 
loads, the horizontal projection of Bs being the measure of 
each division. For computations the load may be assumed 
to act at the center of the projection of ds. 

In case the spandrels are partially filled with concrete 
its weight may be taken as divided into vertical forces. 



* '♦ Rt?taining-wmlls for Earth," by MaJvcrd A. Howe. John Wiley & 
New Yark. 
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This is probably not as near the truth as when the fill is 
made of sand or gravel, but the assumption is on the safe 
side. Overloading the haunches will cause an upward 
movement at the crown, and overloading the crown causes 
the haunches to rise ; but when the spandrel filling is par- 
tially concrete the passive resistance to an upward move- 
ment is very much in excess of its weight ; so also is that 
of sand or gravel. The arch rib, then, in this t5T3e of 
bridge is anything but a free member, and consequently 
any great refinement in its design is time wasted. If we 
can assure ourselves that the rib is safe by adding a few 
inches to the thickness of the ring, 'the very small percent- 
age of extra cost need not be considered at all. 

When the roadway is supported by longitudinal walls 
resting upon the rib, the problem is at least as complex as 
before, for there is no way of knowing how the weights 
transmitted by the walls are distributed. The only recourse 
is to treat the material as in the case of sand or gravel 
filling. 

The use of lateral walls or columns to support the road- 
way places the problem in a shape to be carefully considered 
theoretically. The actual magnitudes of the loads can be 
computed and the points of application to the rib are 
definitely fixed. For long spans this is imquestionably the 
best and most economical type which can be built. There 
is an exception to this in very flat arches where the ring 
occupies the greater portion of the vertical projection of 
the bridge. 

45. Dead-load Equilibrium Polygon Following the Axis of 
the Arch Rib. — It is assumed that the rib has been dimen- 
sioned and that the fill over the crown is known. Compute 
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the weight of the shaded portion in Fig. 19 and call it Pi. 
Lay off the vertical line DE, and Pi from D, Draw DO 
horizontal and CO parallel to the tangent to the arch axis 
at 6. Then from O draw lines parallel to the tangents at 
c, d, e, etc. ; then these lines will cut off on DE the loads 
-P2, P3, etc., for which an equilibrium polygon will pass 




Fig. 19. 



through the points a, 6, c, d, etc., and DO will be the hori- 
zontal thrust for this loading. A check calculation will 
show that this is the true horizontal thrust according to 
the elastic theory, neglecting the effect of the axial stress. 

By a similar construction the polygon may be made to 
pass through the points where the loads are applied to the 
axis. In either case the bending moments due to the dead 
load are sensibly zero. This assumes that the loads are 
reasonably close together. 

Filled spandrels can usually be made so that the above 
conditions are fulfilled by selecting proper filling materials. 



CHAPTER III. 

EXAMPLES SHOWING THE APPLICATION OF THE 
FORMULAS, ETC. 

46. Preliminary. — In the examples which follow, the 
computations will be given in detail, with suggestions as 
to methods and checks. In some cases it will be fotmd 
that the algebraic work necessary to get the data into 
shape for applying the arch theory requires as much time 
as the computation of Hi for each load respectively. Some 
of this work will be fotmd quite unnecessary by many. It 
is given in one case for the benefit of the few who may 
use the example as a guide for their first arch calcula- 
tion. 

47. First Example: Data. — Let us assume that the 
design shall be for a single-track railway bridge with an 
arch ring of Quincy, Mass., granite, and that the axis of 
the ring has a span of 60 ft. and a rise of 8 ft. Let the 
spandrel filling be cinders, sand, or gravel, in such propor- 
tions that the total dead load will have its equilibrium 
polygon following the axis of the ring. Since this is to be 
a railway bridge, there should be at least 3 ft. of fill be- 
tween the base of the rail and the arch ring at the crowTi. 
This will distribute the moving load which may be assumed 
at 5000 lbs. per foot of span. If the ties are 8 ft. long, we 
may assume that the fill will distribute 5000 lbs. over at 
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least 13 ft. under the ties, or that the moving load will be 
about 400 lbs. per square foot. 30 lbs. per square foot 
will cover the weight of the track. 

48. Subdivision of the Arch Axis. — ^This should not be 
decided upon until the shape of the arch ring is deter- 
mined. In this case let the ring be of uniform depth 
throughout; then, in order that J may be constant, the 
axis shotild be divided into equal parts. In all summation 
formulas it is well known that the smaller the divisions 
are made the more accurate will be the results. In this 




Fio. 20. 

particular case is might be replaced by ds, and the prob- 
lem solved, as far as Hi, A/i, etc., are concerned, by means 
of integration. 

Ordinarily twenty divisions will give results sufficiently 
accurate for practical purposes. This niunber wiU be 
used. 
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From Fig. 20, 



^/»30-\/7?2-(/?-8j2. .-. /? = 6o.25 ft., andife' = 52.2sft. 
sin ^=;^ = 6^ •*• ^o = 29^5i'.76. 

Arc i45=--T- 29.8616 =31.40 ft. 

Hence *5 — 3.14 ft., and the angle at the center for each 
division is 2^98616. 

49 Computatioii of x and y.-^The values of x and y 
are computed for the center points of the divisions made 
above, as shown in detail in Table A. 

Table A. 















X 


y 


1 


^' 


an ^. 


cos^. 


R^^. 


Rcom^. 
















30-/? sin ^. 


/?cot^- 52.15. 


I 


28® 22'. 172 


".tm 


0.87991 


28.628 


53015 


1.372 


0.765 


2 


25 22 .996 


.90346 


25.827 


54.433 


4.173 


2.183 


3 


22 23 .820 


. 38102 


•92457 


22.956 


55.705 


7.044 


3.455 


4 


19 24 .644 


33234 


94316 


20.023 


56.625 


9 977 


4. 575 


5 


16 25 .468 


.28275 


95919 


I7.036 


57.791 


12.964 


5.541 


6 


13 26 .292 


•2^239 
.18141 


.97262 


14.001 


58.600 


15 999 


6.350 


7 


10 27 . 116 


.98335 


10.930 


59.247 


19 . 070 


7.000 


8 


7 27 .940 


.12993 


•99152 


7.828 


59.739 


22.172 


7.489 


9 


4 28 . 764 


.07810 


99694 


4.705 


60.065 


25.295 


7. 815 


10 


I 29.588 


.02606 


.99966 


1.570 


60.22Q 


28.430 


7-979 


C 








I .00000 





60.25 


30.000 


8.000 



In this particular case we are probably not warranted 
in using three decimal places in the values of x and y, 
although the labor is but a very little greater than if but 
two were used. This is assuming that multiplications are 
performed by machine or a multiplication-table. After a 
little practice Crelle's **Rechentafeln" will be found quite 
satisfactory for all multiplications and many divisions. 
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50. Computation of Hi for Unit Loads. — Table B g^ves 
in detail the calculations for Hi corresf>onding to a unit 
load at each point respectively. Since the arch and the 
loading are symmetrical, the summations have been ma3e 
from x^o to x = \l. 

In column 2 the positive and negative values of y -'ya 
should sum up the same. As the fourth decimal place has 
been neglected, the sums differ by 3 in the third decimal 
place. The method of Art. 14 has been employed in com- 
puting Wx, which requires the use of but ten multipliers 
(the values of x) and fifty-five multiplications in the com- 
plete determination of Hi for each load. 

For the first load each value of y—ya is multiplied by 
the first value of x, and therefore, since ^(y—ya)'=o, 
^^ziy —ya) should be zero, and consequently the value of 
Hi =0 for this load. Using the figures shown in the table, 
Hi =.000035 for Pi = unity, which is zero for all practical 
purposes. 

The true values of lyiy-ya) and i'Wa.(y-ya) are twice 
the numerical values given in the table, but since one ex- 
pression is in the denominator and the other in the numer- 
ator the common factor zero has been neglected. 

The method employed in Table B is considerably longer 
than necessary, but has been used on account of its clear- 
ness and because all sums are taken between the same 
limits. 
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Table B also contains the values of Im^-i-n, which 
will be used in computing the values of Mi, Having the 
values of Hi for unit loads, its value for any other load 
is simply the product of the load by the values given in 
Table B. 

51. Computation of A/i, Vi, yi, ^2, and y© for Unit Loads. — 
The formula for Mi is, Art. 25, 

InixX — Inij[-y— 






in which Hi and ya are known from Table B. Ix=^\nl=* 
J(2o)6o =600. There remains to be fotmd the value of nij. 
at each point for each load and also the value of Ix^. Of 
course Ix^ can be found by squaring each value of x, but 
this is rather tiresome, as there are twenty different values. 
The following method will be foimd shorter and easier 
and at the same time a portion of the work in com- 
puting nix will be done. 

Taking any symmetrical values of x, that is, the values 
of X for points i and i', say, 

x^ +Jt;i2 =ji-2 + (/ -xY^x^ +P-2IX +rr» 

^P-2X(l-X) 
^P-2X{il-x)-lx. 

Then, for all points, 

up *' *' 

I{x2+Xi^)- 2l\x(il-x)-lIX^Ix^, 

2 

w/2 

— = j (2o)(6o)2 = 36000, 
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-2lx(il-x)= -2(1498.987) 2997.974, (Table C.) 



"lix^ -(6o)(i46.48)= -8788.800. (Table C.) 



.'. 1x^=^24213.23 and -j;j =40.3554. 

The denommator in the equation for Mi now becomes 
20(30-40.3554)= -207.1075. 

The next step is the determination of ntj; at each point 
for each load. This can be done by constructing an equi- 
librium polygon for each load and scaling the proper 
ordinates, which leads to 10X20 = 200 separate quantities 
and then 200 multiplications when tngX is fotmd. 

InixX can be fotmd as follows : 



_-,„ — 4ef^x — M 




Fig. 21. 
From Fig. 21 for load unity, 
l-a 



Ri- 



I 



/?2=T- 



a 
I 



From x=o to ^ = a, 
fnr=RiX = —j-x. 



From x==a to rr=/, 
nix =^2(/ -x) '^-j(l -x). 
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Now 

Therefore 

IntjcX = \llmx — Ifftriil —x). 

The value of ^Ifn^ is given in Table B for two equal 
and symmetrical loads. This value is equal to Jw^fora 
single load. This quickly disposes of ^llm^. 

The value of Intxihl—x) can be fotmd quite easily by 
remembering that for ffixdl-x) upon the left there will 
be an tn/i^l—x) upon the right but opposite in sign until 
x^a. For x<a and x^l—x, 

(m, + mj){\l -X) ^RixW -x) -/?2^(i/ -jr) {x<a) 
= {Ri-R2)x{il-x); 

hence 

'Yim^ +m/)(i/ -X) = (Ri -R2) Tx(^l -x). 

For x^a to x^l-a, 

Then 
-Tm^Ci/ -jc) = {Ri -R2)'yx(il -X) -h 2R2'l (H -xf. 

With the above explanations, Table C becomes very 
simple and gives us all of the coefficients required in treat- 
ing vertical loads. In col. 21 the values of My give also 
the values of M2 by merely numbering the points i\ 2', 
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3', etc. The quantities in cols. 22 and 23 reversed give 
^2 and V2 respectively. Col. 24 shows how nearly con- 
stant yo is in this case. 

For mathematical accuracy the value of Vi for a load 
at point I should be tmity as given in Table C, which 
evidently is not the actual condition. When the first 
point is quite near the support, however, the value of Vi 
approaches tmity very nearly. 

In col. 22 Jbhe value of yi for point i is not given, since it 
is not possible to obtain its value directly from the formula 
Ml 4-//1 =yi, as Hi is zero. The same is true for point i'. 
This will be the condition whenever graphical or algebraic 
summation methods are used. This difficulty does not occur 
in integration formulas. Forttmately, the peculiarity of 
the summation methods is of no practical importance if ds 
is not assumed too great. The defect is quite marked 
where ribs have a much greater depth at the springing than 
at the crown, and ds is so taken that everywhere 3s -r- 1 is 
constant. 

52. Depth of Ring and the Dead Load. — An examination of 
Table II shows that a number of railway bridges have been 
constructed with spans of about 60 feet with arch rings 3 
feet deep. Let this be assumed as the depth of the ring. 

The load at point 10 can be found as follows: Divide 
the vertical projection of the arch as shown in Fig. 22, 
and carefully scale the distances afe, be, and de. Then the 
weight of the ring at point 10 is [(bc){de) = (3.oo)(3.i4)]i7o = 
1 60 1 poimds, taking granite at 170 lbs. per cubic foot. 
Assume the fill to be made of material weighing 95 lbs. 
per cubic foot, then the weight at 10 is (3.o2)(3.i4)95 =905 
lbs., say. The weight from the track is (3.14)30=94 lbs. 
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The total dead load at lo now is 1601 +905 +94 = 2600 
pounds. In order that the eqtdlibritim polygon shall pass 



Base of rail 




Fig. 22. 

through 10 and 9, Fig. 23, the pole distance mtist be 
2600 2600 



H- 



tan 2°-59'.2 0.052 



' 50000. 




Fig. 23. 

For the polygon to pass through point 8, load 9 must 
equal [50000 tan 2(2° — 59'. 2) =50000(0.1046)] — 2600 = 5250 



EXAMPLES SHOIVING APPLICATION OF FORMULAS. 



67- 



— 2600 = 2650 pounds. In like manner all loads may be com- 
puted, or obtained by drawing strings parallel to the chords- 
connecting the points of division as indicated in Fig. 23. 



COMPUTATION OF DEAD LOAD. 



Point. 


*. 


tan^. 


50000 tan ^. 


Dead 
Load P. 


Unit 
Table's. 


Com- 
puted /f|. 


I 


290 5i'.76o 


0.574 


28700 


3350 








2 


26 52 .584 


0.507 


25350 


3200 


0.113 


36a 


3 


23 53 408 


0.443 


22150 


3050 


0.308 


939 


4 


20 54 .232 


0.382 


19100 


2950 


0.555 
0.827 


1637 


5 


17 55 056 

14 55 .880 


0.323 


16150 


2800 


2316 


6 


0.267 


13350 


2800 


1.096 


30^ 


7 


II 56 .704 


0.211 


10550 
7850 


2700 


1. 341 


3621 


8 


8 57 .528 


0.157 


2600 


1-543 


401a 


9 


s 58.35a 


0.105 


5250 


2650 


1.685 


4465 


10 


2 59.176 


0.052 


2600 


2600 


I 759 


4573 




28700 


24994 



The above table gives the computations necessary for 
obtaining the proper dead loads and also the corresponding 
values of Hi. The value of Hi for the entire dead load is 
in round figures 2(25000) « 50000. 

The next step will be the separating of the above dead 
loads into parts, the ring, filling, and track. The ring and 
track are fixed, so that their combined weight taken from 
the total will leave the weight of fill required. The tabular 
statement on page 68 shows the process in detail. 

No great degree of accuracy has been attempted in this 
table, as a hard rain may change the weight of the fill a 
considerable amotmt. The last column gives the average 
weight per cubic foot of the fill which is necessary to just 
fulfill the requirement that the equilibrium polygon coin- 
cides with the arch axis. It will be noticed that the weight 
of the arch ring is very nearly tmiform for each section. 
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The lack of uniformity in the variation of the values 
given is due to inaccuracies of scaling ab, hc^ and de from 

a drawing, 

FINAL DEAD LOADS- 





Fig. a*. 


pcrcu.. 

ft. 
Ring. 


JO tba. 

TVMt 


and 


FilL 


An> 

.jf Fill. 


Weight ^ 
Pill per 
Cubk 
Foot. 


Point* 


o«. 


6<r. 


dir. 


t 


lO.IO 


3-40 


^^77 


1601 


83 


1684 


1666 


38.5 


S9 


a 


8.7^ 


3.2« 


3^»3 


1578 


85 


J 663 


IS37 


34 7 


61 


3 


7 45 


in 


a. 91 


1608 


87 


169s 


ms 


21,7 


Si 


4 


6.36 


3.16 


3.96 


1590 


«9 


1679 


I2JI 


t8.8 


5 


5 43 


3 13 


3.01 


1602 


90 


1692 


no8 


16,3 


6S 


6 


4.63 


30U 


3 05 


1597 


9a 


1689 


lUI 


U-l 


79 


2 


4.00 


3 OS 


3 «>9 


t6o2 


93 


i6q5 


1005 


12.4 


Si 


5-5^ 


3.00 


3 " 


15S6 


g3 


1679 


9n 


10.9 


8S 


9 


3.20 


3 00 


3 13 


1596 


94 


1690 


960 


10,0 





to 


3 *>* 


3 00 


3 J4 


t6ot 


94 


^695 


905 


9.5 


9S 



S3. Live Load and Loads Producing Maximum Moments.— 

The live load is 400 lbs. per linear foot and hence the load 
at each point is obtained by multiplying de, Fig, 22, by 
400. These products are given in Table D, 

In order to select the loads which produce maximum 
moments draw the equilibrium polygons for a load unity 
at each point respectively, as shown on Plate L One-half 
of the polygons are shown. These reversed will be the 
polygons for loads upon the right of the crown. 

By inspection we see that loads 1-8 inclusive produce 
negative moments at the left support, and the remaining 
loads produce positive moments. 

At the crown loads 1-7 and 7'-i' inclusive produce 
negative moments, and loads 8-8' inclusive positive mo- 
ments. 

For point 6', between | and \ point of the span, loads 
i~8' produce negative moments, and loads j'-i' positive 
moments. 
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Table D. 

LIVE LOADS. 

400 POUNDS PER FOOT. 
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a' 




X 




X 




X 


Pt. 


Load. 


I 
LoftdB, 


f/i. 


iH, 


Af|. 


iMt. 


V,. 


^Vt, 




X 


1108 


1 108 


00.0 


00.0 


-1522.4 


- 1522.4 


1108.0 


II08.0 


3 


1 132 


2240 


127.4 


127.4 


-3437.9 


- 4960.3 


"17.3 


2225.3 


3 


1 164 


3404 


357 9 


485.3 


-4462.8 


- 9423.1 


1119.8 


3345.1 


4 


1184- 


45S8 


657-1 


1142.4 


-4636.6 


-14059.7 


1096.4 


4441.5 


5 


1204 


5793 


995 t 


aT37-5 


— 4161.0 


-18220.7 


1058.3 


5499.8 


6 


1220 


7011 


^^l^-S , 


3474.0 


-3195.2 


-21415.9 


1002.8 


6502 . 6 


7 


1236 


8248 


1657 5 


5J3I-5 


-1930.6 


-23346.5 


938.1 


7440.7 


8 


1244 


949* 


1918.9 


7050.4 


"■ ll\'^ 


-23877.7 


858.4 


8299.1 


9 


1252 


10744 


2109.6 


9160.0 


866.4 


-23011.3 


770.0 


9069.1 


10 


1256 


12000 


1208.7 


113^.7 


2076.2 


-20935.1 


677.0 


9746.1 


i& 


1256 


U2S6 


3208.7 


13577.4 


3020.7 


-17914.4 


5790 


10325. I 


9' 


1252 


14508 


2109.6 


156S7.0 


3634.6 


-14279.8 


482.0 


10807. I 


8' 


1244 


'575^ 


igr8,9 


17^505.9 


3890.0 


-10389.8 


385.6 


11192.7 


/ 


1236 


16988 


^657-5 


i9^H-A 


3768.6 


- 6621.2 


297.9 


I 1490. 6 


t' 


1220 


18208 


U3^^S 


20599.9 


3330.6 


- 3290.6 


217.2 


I 1707. 8 


5; 


1204 


19412 


99S'T 


JI59S-0 


2670.6 


— 620.0 


145.7 


"853.5 


A' 


1 184 


30596 


657.1 


22252.1 


1873. I 


1253. I 


87.6 


11941.1 


3; 


1 164 


21760 


357^9 


22610.0 


1068.6 


2321.7 


44.2 


"985.3 


2' 


1 132 


21JS92 


127.4 


^^737-4 


390.5 


2712.2 


14-7 


12000.0 


I' 
0' 


1 108 


24000 


00.0 


22737.4 


3-4 


2715.6 


0.0 


12000.0 



If the ring is safe at these three points or even at the 
spring line and points 6 and 6', it will be safe at all other 
points. 

54. Ml, Vi, and Hi for Live Loads.— These values are 
obtained by multiplying the values for a load unity given 
in Table C by the live load. The results are given in 
Table D. For convenience these values are summed from 
o to X, as shown. 

55. MaTimiim Moments at Point o Produced by the Live 
Load. — ^For loads 1-8 inclusive 



Ml =-23878 (Table D). 
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For loads 9-1' inclusive 

Ml = 2716 - ( - 23878) = +26594. 
For a full load 

Ml = -23878+26594= +2716. 
For a load up to the crown 

Mi^ -20935 (Table D). 
For load lo'-i' inclusive 

Afi= +23651 (Table D). 

Evidently loading one half the span does not produce max- 
imum moments at point o. The difference between the 
moment for a load extending from one support up to the 
crown and the maximum moments will not make any 
serious difference in the fiber stresses, as the dead load 
contributes a large portion of these stresses. If tempera- 
ture effects are considered, the live-load effect becomes 
almost insignificant. 

56. Maximum Moments at the Crown Produced by the Un 
Load. — For loads 1-7 inclusive 

Ml = -23347 (Table D), 
Fi= 7441 '' '' 
Hi^ 5132 '' '' 

Mx =Mi + Vix-Hiy - IP(x -a). ^ = 30 and y = 8. 

X 

IP(x-a) can be found graphically by means of the 
ordinary equilibrium polygon. In this instance we ahH 
compute its value as showTi in the following table. 
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n 



IPiX'-a). 



Pt>int 


P. 


\l-a. 


Pix-a), 


I 


irc8 


28.63 


31722 


2 


"32 


25-83 


29239 


3 


1 164 


22.96 


26725 


4 


1 184 


20.02 


23703 


5 


1204 


17.04 


20516 


6 


1220 


14.00 


17080 


7 


1236 
Table D - 


IO-93 
Table C 


13509 


162494 








ip{x-a) 



Vix = 7441 (30) = 223230, 
//,y = 5i32(8) = 41056, 

IP(x - a) = 162494 ; 
Mx= -23347+223230-41056-162494= -3667. 

If this is the moment for loads 1-7, then for loads 1-7 and 
7'-i' inclusive, Mx = 2(-3667)= -7334. 

If our coefficients are absolutely correct, the moment 
for loads 7'-i' inclusive should be the same as for loads 
1-7 inclusive, as assumed. For loads 7'-i' inclusive 

il/i = +13105 (Table D), 
Fij; = 807(30) = 24210, 

^iy = Si32(8)-4io56, 
and 



-l/x= +13105+24210-41056= -3741. 

This is 3741-3667 = 74 larger than obtained by above 
method, an error of about 2%. 
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Considering that the summation method leads neces- 
sarily to approximate results, it will be more consistent 
when possible to always use the formula for Mx in which 

IP{x—a) does not appear. 

57. Moment at the Crown Produced by Live Loads i-io 
Inclusive. — From Table D, 

M2= +23651, W = 2254(3o) =67620, 
//iy = 1 1369(8) =90952. 
.'. Ma.= +23651 +67620 -90952 = +319. 

For a load over all, 

Mx = 2(3i9)=+638. 

58. Moment at the Crown Produced by Loads 8-8' Inclusive. 

-:— We will first compute the moment for loads 10', 9', and 
8' by the formula 

Mx^Mi-\-Vix-Hiy. 
From Table D, 

Mi= +10545, Ki:i: = 1447(30) =43410, 
//ly = 6237(8) =49896. 
.-. A/x= +10545+43410-49896= +4059. 

Check: 

From Art. 44, A/x= -3741 for loads 1-7 inclusive. 

" '' 45,Mx=+ 319 '' '' i-io '' 
.-. Afx=+4o6o '' '' 8-10 *• 

or practically the same as found above. 
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The above computations show that the moment at the 
crown produced by a load covering the half -span is hardly 
one tenth the maximum moment. 

59. MaTimiim Moment at Point (/ Produced by live Loada 
1-8' Inclusive. — Use the formula 

From Table D, 

M2= +27is-(-23347)= +26062, 
^2^=4559(16) =72944, 
//iy = 1 7606(6.35) = 111798. 
.*. Mx^ +26062 +72944 — 111798= —12792. 

60. MaTJmum Moment at Point 6' Produced by Live Loads 
/-i' Inclusive.— From Table D, 

Mi= +1310S, Fi^ = 807(44) -35508, 
Hiy = 5132(6.35) =32588, 
IP{x -a) = 1236(3.07) =3795. 

M,=A/i+FiA:-//iy-ip(^-a) 

= +13105+35508-32588-3795= +12230. 

6z. Moment at Point f Produced by Live Loads i-io 
Inclusive. 

Mx-M2^V^-Hxy. 

From Table D, 

M2= +23651, 1^2^ = 2254(16) =36064, 
//ly = 11369(6.35) =72193. 
/. il/x= +23651 +36064-72193= -12478, 
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which is about 2^% less than the maximum moment as 
found in Art, 59- 

62, Moments at all Points Produced by Live Loads 1-8' 
Includve Determined Graphically. — The constructions are 
given on Plate H. Lay off a load line in the usual way 
and scale off Vi downward. Horizontally opposite this 
point, at a distance Hi, take a pole and draw the strings 
5i, S2, S^, etc. The equilibrium polygon can now be drawn. 
As check upon the correctness of the polygon the comnwn 
closing line, when transferred to the force polygon, should 
cut off the value of Ri, the common reaction, on the load 
line. (In this particular case the check was not perfect. 
but so close that it was deemed unnecessary to draw a new 
polygon. The effect will appear later.) The closing line 
kAB, 

Following the methods of Arts. 16 and 17, scale each 
ordinate of the equilibrium polygon and find the mean 
ordinate ^ IB'C' h- 20. At the center of the span scale 
upward this distance, and through the point just found 
draw CD parallel to the string 5o in the force diagram, 
and scale the ordinates A'B\ Then ilf , at any point equals 
the difference between the ordinate A'B' for that point 
and the corresponding value of y—y^ multiplied by //j, 

The values of Mj^-^Hi can be found, also, by dra^vrng 
the arch axis so that the ya line coincides with the line CD 
of the equilibrium polygon and scaling the ordinates indi* 
cated in the shaded area. 

The line CD can also be located b^^ making --lC = f«i 
and BD^m2, where 



mi 



Hi 



and m-i 



H, 
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The computation of M, in detail is given in Table E. 
Table E. 





LIVE 


LOADS. 1-8' INCLUSIVE. 




Point. 


See Plate II. 


y-y- Hi 


■ ^ 


M.. 






(y-y.) 


-A'B'. 




o 


-5905 


-5315 


590 


-10387 


I 


-509 


-4.550 


54 


- 9506 


2 


-3.48 


"^il* 


348 


- 6127 


3 


— 2.01 


-1.860 


150 


— 2641 


4 


- -74 


- .740 


000 


— 0000 


5 


.40 


.226 


'Z^ 


+ 3066 


6 


1-32 


I 035 


^85 


+ 5017 


7 


2.06 


1.68s 


375 


-f 6602 


8 


2.60 


2.174 


426 


+ 7509 


9 


2.88 


2.500 — 


380 


-f 6690 


lO 


2.96 


2.665 


295 


+ 5194 


lO' 


2.80 


2.665 - 


135 


+ 2377 


9' 


2-43 


2.500 


070 


- 1232 


8' 


1.83 


2.174 


344 


- 6056 


7' 


1.05 


1.685 


635 


— 11180 


6' 


•27 


1.035 


765 


-13468 


5' 


- SO 


.226 


726 


— 12781 


4' 


-1.28 


" 21! 


540 


- 9506 


3' 


-a. 05 


-1.860 


190 


- 3345 


2' 


-2.78 


-$'^3^ 


352 


+ 6198 


I' 


-352 


-4.550 -I 


030 


+ 18134 


o' 


-3.834 


-5.315 -I 


481 


+ 26075 



The point of maximum moment is at 6', as stated above, 
and M,= -13468. From Art. 59, by computation, Afx = 
— 12792, showing a difference of 676 or an error of about 
5%, corresponding to an ordinate of 0.033 ^^^- Th^ scale 
employed was 3 feet to the inch, hence 0.033 feet corre- 
sponds to 0.0 1 1 of an inch on the drawing. This shows 
that the greatest care must be employed when graphical 
methods are applied and all possible checks applied. 

63. Maximum Moment at Point 6 Produced by Loads /-i' 
Inclusive. Graphical Determinations. — Plate II shows the 
construction, and Table F the computation of Mx in detail. 
Here again there is a difference in the results obtained by 
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the two methods. From Art. 60, Mx= +12230, while by 
graphics ilf,= +11520, a difference of 710, or about 6%. 

Table F. 

LIVE LOADS, r-V INCLUSIVE. 



Point. 


See Plate II. 


y-y«. 


Hi' 
(y-y.)-A'B'. 


M- 





— 2 . 761 


-5.31S 


-2.554 


+ 13105 
+ 10058 


z 


-2.59 


-4.550 


— 1.960 


a 


— 2.x6 


"3;^^ 


- .972 


+ 4987 


3 


-1. 71 


-1.860 


- .150 


+ 770 


4 


-1.26 


- .740 


.520 


- 2668 


5 


- .80 


.226 


1.026 


— 5262 


6 


- '33 


1 035 


1.365 


7009 


1 


l^ 


1.68s 


1-535 


- 7882 


.60 


2.174 


I -574 


- «o77 


9 


1. 10 


3.500 


Z.400 


- 7184 


10 


1-55 


2.665 


1. 115 


- 5722 


10' 


a. OS 


2.665 


.615 


- 3158 


9' 


2-53 


2.500 


— .030 


+ 154 


8' 


3.00 


2.174 


- .826 


+ 4238 


7; 


^•5? 


1.68s 


-1. 815 


+ 9318 


6' 


3.28 


1-035 


-2.245 


+ I 1520 


s; 


2.30 


.226 


-2.074 


+ X0643 


4 


•^5 


~ If 


-1.390 


+ 7133 


3' 


-1.62 


-1.860 


- .240 


+ 1 231 


2' 


-4.45 


''3'^3^ 


1. 318 


--.rd 


i' 


"7-2? 


-4.550 


3.350 


0' 


-9.864 


-5.135 


4.549 


-23341 



64. Fiber Stresses Produced by Dead and live Loads.-- 

From Art. 31, 



For this problem, AT, = {Vi - IP) sin ^ +Hi cos ^ 



3^ 9 



F«3 sq.ft., = 1.5 ft., / = -4?/t3 = ^=^. 



Then 



g 1.5X4 2 
I 9 3 
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and 

Point o. Dead Load. 

From Art. 52, \ the total load = 71-28700, say 29000, 
and H\ = 50000 ; then 

^^, = 29000(0.498) +50000(0.867) =-14442 +43350 = 57792. 
•'• /^ = i(57792)+i(o) = 19264, say 19300 comp. for both 
the upper and lower extreme fibers. 

Live Loads. 

From Art. 55 Af , =Mi = - 23878 for loads 1-8 incU 

'* '* " ....M,=Mi=+26594forloads9-i' " 
7^:^ = 8299(0.498) +7050(0.867) =10245 for loads 1-8 " 
^* = 37oi(o-498) + 15687(0.867) = 15443 for loads 9-1' *' 

Then 

/>=J(io245) -§(23878) =3415 -15919= -12500 tension in 
upper -fiber and 3415 + 15919=+ 19300 compression in 
the lower -fiber for loads 1-8 incltisive. 

For loads 9-1' inclusive 

/>=J(i 5443) +§(26594) = 5143 + 17729 = 22900 compression 

in the upper fiber and 
^ = 5143—17729 = 12600 tension in the lower fiber. 

Combined Stresses. 

Combining the above results we have for the maxmium 
fiber stresses produced by the dead and live loads the 
following: 
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Dead Load 

L.L. iS 

L.L.9-1' . 

Maxiinum compression 
Maximum tension .... 



Upper Fiber. 



19300 compression 

12500 tension 

22900 compression 

42300 

o 



Lower Fiber. 



19300 compression 
19300 

12600 tension 
38600 
o 



These intensities are pounds per square ioot. 

For pounds per square inch we have, 293 and 268 as the 
maximum compression in the upper and lower fibers re- 
spectively. 

Considering that granite has an ultimate crushing 
strength of from 13000 to 17000 poimds per square inch, 
the above fiber stresses are of little consequence if the 
mortar joints have an equal strength, or even one fourth 
the strength of the granite. The fiber stresses at other 
points are obtained in the manner followed for point o. 
A tabulated statement for points o, 6', and the crown is 
given below: 

FIBER STRESSES. 



Load. 



Dead load 

L.L. 1-8 

L.L. 9-1' 

Max. compression. 
Max. tension. ...... 



Dead load 

L.L. 1-7 and 7'-i'. 

L.L. 8-8' 

Max. compression. 
Max. tension 



Dead load 

L.L. 1-8' 

L.L. 7'^'. ....... 

Max. compression. 
Max. tension 



N.. 



57792 
10245 

IS443 



50000 
10264 
12474 



50500 
18170 

5093 



Af.. 



-23878 
4-26594 



o 

- 7482 
f 81 18 



o 

— 12792 
+ 12230 



iA^. 



19300 
3415 
5148 



16666 
3421 
4158 



16833 
6057 
1698 



liif.. 



o 

-15919 
-I- 17729 



o 

- 4988 

+■ 5412 



o 

- 8^28 
+ 8154 



P- 



Upper. Lower. 



+ 19300 

-12500 

-f- 22900 

42200 

O 



4-16666 

- 1567 

+ 9570 

26200 

o 



-»- 16833 

- 2471 

4- 9852 

26700 

o 



+ 1930C 
1930C 

— 12600 
38600 



+ 16833 

+ 14585 

- 6546 

31400 

o 



Point. 



+ 16666 Crown 
+ 8409 
- 1254 
25100 
o 



6' 
6' 
6' 
6' 
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In this table all stresses are given in poiinds per square 
foot. 

From the above table we see that there is no tension 
at the three points considered, and that the maximum 
compression is well within the safe strength of the mate- 
rial assumed. Also, that the greatest fiber stress is at the 
supports. 

65. Effect of Temperature Changes. — Our knowledge of 
the effect of changes of temperature upon stone arches is 
very meager. The coefficients of expansion for different 
stones are known, but how long it takes for a stone bridge 
to become of imiform temperature we do not know. Prob- 
ably all portions of the arch ring are never of the same 
temperature. The range of the average temperature is 
probably small. (See Arts. 33 and 34.) 

In this case we will assume that the temperature 
changes 40° above or below the temperature of the arch 
when built. This is without doubt an excessive range. 
The horizontal thrust is (Art. 27) 

ef'lE ef'lE 

//< = - 



IJy{y-ya) 1.4(113.168)' 
where J = ^5-^7 = 3. 14 4- 2. 25 =1.4. 

For Quincy granite 

^=0.00000381, 
£ = 6776000, 



Then 



-- (0.00000381) (40) (60) (6776000) (144) 
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From Art. 27, 

Ml «//<:);« = 56100(5.315) =298200, 

M,=Mi--Hty^Ht{ya-y), 

The above values of Ht and M\ will have signs depend- 
ing upon whether the change of temperature is an increase 
or a decrease. 

For falling temperature the upper -fibers at the support 
are in tension, and at the crown in compression. 

The following table gives the fiber stresses at the support 
and the crown. 

FIBER STRESSES DUE TO CHANGES OF TEMPERATURE. 

POINT O. 



T«mpera- 


N.. 


Af.. 


kN.. 


|M.. 


P- 




Upper. 


Lower. 


-40° 

+ 40<> 


-48638 
+ 48638 


298200 
298200 


-16213 
+ 16213 


198800 
198800 


— 215000 
+ 215000 


+ 182000 
— 182000 



CROWN. 



-40° 
+ 40** 



—56100 
+ 56100 


149600 

149600 


— 18700 
+ 18700 


99700 
99700 


+ 81000 
— 81000 



— 1 18400 
+ I 18400 



Combining the above values with those obtained for the 
dead load and live load we have 



upper Fibers. Lower Fibers. 



For point o: 






Maximum compression 


257200 


220600 


* * tension 


208200 


175300 


For the cn)wn : 






Maximum compression 


107200 


143500 


** tension 


65900 


103000 
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The above values correspond to a maximum compression 
of 1786 pounds per square inch and a maximum tension of 
1446 poimds per square inch. In compression the factor 
of safety is from 8 to 10, but in tension the ultimate strength 
of the joints is exceeded. As a large number of railway 
bridges have been built upon practically the dimensions 
we assumed and no indications of failure having been 
foimd, we must conclude that the range of temperature 
change assumed in this example is very much too great. 
Furthermore, it requires a drop in temperature of only 
four degrees to completely balance the compression pro- 
duced by the dead load in the upper fibers at the support. 
Without question, then, our assumptions about the effect 
of temperature changes are not correct. Until we know 
more about the subject it is useless to make calcula- 
tions according to the ordinary assumptions. (See Art. 

66. Effect of the Axial or Direct Stress.— In all of the 
work above, the effect of the direct compression or tension 
has been neglected. If the rib is subjected to a imiform 
stress, it will be shortened or lengthened according to the 
character of the stress. All vertical loads produce direct 
stresses which in effect shorten the rib. 

As explained in Art. 19, the horizontal thrust produced 
by this shortening, when foimd, will be treated the same 
as the thnist for a change of temperature. 

From Art. 19, 



I ^ / V ^^* COS <}> 
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in which all quantities are known from prexaous calcula- 
tions, with the exception of the last term in the denomi- 
nator. The computation of this term is given in detail 
below. 



Point. 


ix. 


cot^. 


axcos^. 


I 


2 77 


0.880 


2 44 


2 


2.83 


•903 


2.56 


3 


2.90 


•925 


2.68 


4 


2.96 


•943 


2.79 


5 


301 


•959 


2.89 


6 


3 OS 


.973 


2.97 


7 


3.08 


.983 


3^03 


8 


3" 


.992 


3 09 


9 


3^3 


•997 


3^" 


lO 


314 


•999 


3'H 


28.71 



Ja^ cos ^ = 2(28.71) =57.42, F = 3, J = i.4, FJ=4.2, 
Idx cos <f> 57.42 



FJ 



4.2 



= 13.67, Iy(y -ya) = 1 13.168. 



Then 



113. 168 
126.84 



= 0.892. .-. //a=o.io8//i=ii% //i, say. 



The value of Hi for the dead load is 50000 ; then the 
corresponding axial stress produces a thrust, opposite in 
character, of 5500. The horizontal thrust produced by a 
drop of 40° in temperature is 56100; therefore the effect of 



the axial stress equals 



5500 
56100 



= .091 of the stresses due to 



this drop of temperature. At joint zero the upper fiber 
stress due to —40° is 215000 tension. 215000(0.091) — 
19600 tension. 
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FIBER STRESSES DUE TO THE AXIAL STRESS. 
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Dead load. 
L.L. i-«. . 



-40^, 



9-1' 

1-7 and 7'-i'. 

8-8' 

1-8' 

7'-!' 



Hx. 



50000 

7050 
15687 
10263 
12474 
17606 

5132 
51600 



H.. 



5500 
776 
1726 
1 128 
1372 
1936 
565 
5676 



Us 

Ht' 



0.091 
0.014 
0.031 
0.020 
0.024 
0.034 
O.OOI 
O.IIO 



Point o. 



Upper. 



- 19600 

- 3000 

- 6700 

- 4300 

- 5200 

- 7300 

- 220 

+ 24000 



Lower. 



+ 16600 

+ 2500 

+ 5600 

+ 3600 

+ 4400 

+ 6200 

+ 182 



Crown. 



Upper. Lower. 



+ 7400 
+ 1x00 
+ 2500 
+ 1600 
+ 1900 
+ 2800 
+ 81 
-8900 



-X0800 

— 1700 

— 3700 

— 2400 

— 2900 

— 4000 

— 118 
+ 13000 



Combining these stresses with the dead- and live-load 
stresses previotisly obtained, we have (see Art. 64) : 

FINAL STRESSES, INCLUDING EFFECT OF AXIAL STRESS. 



Loads. 


Upper Fiben. 


^fyxi***M**^#T 


6 


r Dead load 

L.L. 1-8 

•• 9-1' 


+ 19300- 19600- — 300 
-12500- 3000- -15500 
+ 22900- 6700- +15200 


Max. comp.— 12200 
* • ten. - 18500 


1 ' 




Lower Fibers. 






Dead load 

L.L. 1-8 

•• o-i' 


+ 19300+ 16600- +35900 
+ 19300 + 2500— + 2 1800 
— 12600+ 5600—— 7000 

Upper Fibers. 


Max. comp.-" 57700 
' * ten. 










r Dead load 

LL. 1-7 and 7'-i' . . 
« 8-8'. ; 


+ 16666+ 7400- +24100 
- 1567+ 1600- + zz 
+ 9570+ 1900-+ 1 1470 

Lower Fibers. 


Max. comp.-" 35600 
** ten. 










Dead load 

LL. i-7and7'-i'. . 
L * 8-8'... 


+ 16666—10800=+ ^900 
+ 8409— 2400— + 6000 
- 1254- 2900—— 4200 


Max. comp.— 11900 
* ' ten. 




Temperature. 








=F40^ 

T40^ 
±40^ 


T 2I5000± 24000= T IQIOOO 
± 182000T 20000= ± 162000 
± 810001= 8900= ± 72100 
T 1 18400 ± 13000= T 105400 


Tpper fibers at o. 
Ix)wer •* • 0. 
Tpper " crown 
Ix>wer '• 



84 



SYMMETRICAL MASOmV ARCHES, 



These stresses show that the effect of the axial stress 
is considerable, and also that the fiber stresses at the sup- 
port are reversed in one case so that the upper fibers are 
in tension about 128 lbs. per square inch. As this tension 
is not large and exists for but a short distance, the ring 
may be considered safe. This assumes that no tempera- 
ture effects are considered. The maximum compression is 
400 lbs, per square inch in the lower fibers at the support. 

The effect of the axial stress is to lower the equilibrium 
polygon at the support and raise it at the cramn, or it 
increases the compression and decreases the tension in the 
lower fibers and decreases the compression and increases the 
tension in the upper fibers at the support. While at the 
crowTi the reverse is true. 

If this arch ring had been assumed free, then the above 
tension could not have been allowed (see Arts. 31 and 33), 

67. A Check upon the Effect of the Axial Stress for Dead 
Loads. — To show how nearly the results of the above 
method of considering the axial stress agrees with those 
obtained by direct calculation, we will briefly compute Hi 
and Ml for the dead load, and also the fiber stresses at 
the support (see upper table on page 85). 
Ml =IHiya — Inti =237049 -266020 = -29000, 
JVi; = 29000(0,498) +44600(0.867) =^14442 +38668 =53100, 
-■' f = H53ioo) ±§(29000) = 1 7700 ± 19300 
^1600 tension in upper fibers 
= 37000 compression in lower fibers. 

From Art. 66 the corresponding stresses are 300 tension 
and 35900 compression, the results in the table being about 
1 100 too large numerically. This equals a stress of less 
than 8 pounds per square inch and for the compression a 
relative error of 3% +. 
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COMPUTATION OF Hi and Mi WHEN AXIAL STRESS IS 
CONSIDERED. 
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Common 






mi for 


Dead 


nu for 


Point. 


Hx. 


True 


True 


Load Unity, 


Load. 


Dead 




Art. 52. 


Hi. 


Hiy,. 


Table C. 


Art. 52. 


Load. 


I 


o 






^'lll 


3359 


4613 


2 


362 






3-888 


3200 


12442 


3 


939 


^ 




6.184 


3050 


18861 


4 


1637 


? 




8.234 


2950 


23669 


5 


2316 






10.024 


2800 


28067 


6 


3069 


6 
1 


» 


"•535 


2800 


32298 


7 


3621 




S%'=Q 


12.767 


2700 


34471 


8 
9 


4012 
4465 




13-696 
14.317 


2600 
2650 


35610 
37940 


lO 


4573 


^H 


14-634 
Symmetrical 


2600 


38048 




24994 


28700 


266020 




2 


u 




values 
combined 


say 
29000 












49988 








iD.L.or 


2mi 




say 














50000 


44600 


237049 




Vi 





Evidently the method employed in Art. 66 is quite 
accurate enough for practical purposes. 

68. Effect of Making Spandrel Filling of Uniform Material 
Weighing 100 Pounds per Cubic Foot. 







COMPUTATION 


OF H,. 






Point. 


Ring and 
Track. 


FiU 
100 Lbs. 


Total 
Dead 


Common 

/(..Load 

Unity. 


Common 
Hi. 


f/.with 
E^ect of 




per Cu. Ft. 


Load. 


Axial Stress. 


I 


1684 


2850 


4500 


0.0 







2 


1663 


2470 


4100 


0.1125 


461 




3 


1695 


2170 


3900 


3075 


1 199 


I 


4 


1679 


1880 


3600 


5550 


1998 


5 


1692 


1630 


3300 


8265 


2727 


00 
II 


6 


1689 


1410 


3100 


I 0955 


3396 


7 


1695 


1240 


2900 


I. 3410 


3889 


? 


8 


1679 


1090 


2800 


1.5425 


4319 


9 


1690 


1000 


2700 


1.68SO 


4550 


6 


10 


169s 


950 


2600 


I 7585 
Tabic B 


4572 


1 




33500 


27111 


8 








2 




2 






67000 


54200 
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COMPUTATION OF m,. 



Point. 


Mil, Load 

Unity. 

Table C 


Dead 
Load. 


DelSi^d. 


X 
2 

3 

4 

I 

7 
8 

9 

lO 


1:111 

6.184 
8.234 
X0.024 

"•535 
12.767 

13.696 
14.317 
14-634 

Table C 


4500 
4100 

3900 
3600 

3300 
3x00 
2900 
2800 
2700 
2600 


6x97 

15941 
24x29 
29642 
33079 
35759 
37024 

38048 


296824 



Ml -= IHiya - -Jmi =48300(5.315) -296824 
— 2S6715 —296824= —40100, 



M\ —40100 



-0.83 ft., 



48300 

^» -=33500(0.498) +48300(0.867) - 16683 +41876 
=58600. 

•'• />=i(586oo) ±§(40100) = 19500 ±26700 
= 7200 tension in upper fibers 
= 46200 compression in bottom fibers. 

This shows that the fill over the haimches and near the 
supports is too heavy for the load upon the crown. The 
original loading could be made less to an advantage. 

At the crown the moment is 



M^^Mi^-ViX-Hiy-IPix-a) 

= —40100 + 1005000 —386400—566400 « 
Nx=Hi sensibly =48300. 

.'. /> = i(483oo) ±§(12100) = i6ioo±8ioo 
= 24200 compression in upper fibers 
= 8000 ' * * * lower fibers. 



+ 12100, 
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The eqiiilibrium polygon is M^-^ Hi =12100-5-48300 = 
0.25 ft. above the neutral axis. 

Combining these stresses with the live-load stresses of 
Art. 66, we have 



at support 



- 7200 -1-15200 = 8000 comp. in upper fibers 

— 7200 — 1 5500 = 22700 tension in upper fibers 

-1-46200 + 21800 =68000 comp. in lower fibers 

+ 46200- 7000=39020 " ** ** *' 

+ 24200 + 1 1470 =35670 comp. in upper fibers 1 

r QX crown. 
+ 8000+ 6000 = 14000 " ** lower fibers J 

If the above tension is considered more than allowable, 
then the spandrel filling should be made lighter. Since 
the maximum compression is very much less than the 
allowable stress for granite, the ring will imquestionably 
adjust itself by increasing this compression, and not resist 
much tension, if any (see Art. 31.) 

69. The Radial Shear.— Prom Art. 29, 

Tx = Fjcos -//, sin </>, 
For point zero, or the support, this becomes 

r, = Fi (0.867) -//i (0.498). 
For dead load (see Art. 52) 

Tx = 28700(0.867) — 50000(0.498) = 24880 — 24900 =0. 
For live load over all (see Table D) 
Tx = 12000(0.867) — 22737(0.498) = 10400 — 1 1320 = —920. 
At the crown </> is zero, hence 
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For the dead load T, -o. 

For a live load lo'-i' inclusive T^ = Vi ^2254. 

In like manner any other point may be considered. 
When equilibrium polygons are drawn a glance is sufficient 
to determine if there is danger of slipping at the joints. 
Usually the radial shear requires but httle attention in 
st<me arches, 

70- Second Example. Data.^For this example we will 
take a reinforced-concrete , rib of the Thacher type.* 
Clear span 50 ft. and rise 10 ft. The thickness at the 
crown is taken as 1 2 inches, and at the spring line 4 feet 6 
inches. Plate IV gives all data concerning dimension and 
reinforcement. The dead weight of the entire structure 
is assumed at 140 pounds per cubic foot, and the live load 
112 pounds per square foot. The first step in the solution 
of a problem of this type is to obtain all the data shoun 
in Plate IV either by algebraic or graphical methods. In 
the present instance many of the data were obtained from 
a carefully constructed drawing as indicated in the figure, 
The modulus of elasticity of the concrete is assumed to 
be ^ that of steel, and hence the area of the steel is equiva- 
lent to twenty times that area in concrete. 

71, Subdivifiion of the Arch Azts,^ — Contrary to the 
usual custom we will not attempt to so divide the arch 
ring that Bs-^ I will be constant » but simply divide the 
span into twenty equal parts and determine all quantities 
necessary for points at the centers of these divisions. 
This is clearly shown in Plate IV. 

The moment of inertia at each point is found as shoi^Ti 



* Essentially the arch taken by Professor Cain in '* Theory of Concrete Aidics 
And of Vaulted Structurea." 
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in Table I, page 90. Prof. Cain in his book referred to 
above gives a very complete exposition of the method for 
dividing the axis so that ds-^I shall be constant. 

72. Computation of Hi for Unit Loads. — The process 
is precisely that followed in the first example, only we use 
the general formula (Art. 13) 

2tl\= 



lyd 



(-^) 



Tables I and II give the work in detail (see pp. 90, 91). 
73. Computation of Mi. — The general formula in this 
case is (Art. 13) 

Hi and -jj have been foimd in Tables I and II, so there 

remains simply the multiplication of the two factors. 
The determination of the second term we will take up in 
detail, as it is well to know a few checks and short methods. 
Designating this term by Wi, 



f«i = 



Im.j(x^^) ^n^rj{x-^) 



To find Ix^J, let x = —z; then ^^^(y)^^ where 



90 



SYMMETRICAL MASONRY ARCHES. 
TABLE I,— COMPUTATION OF i. 





1 


8 


3 


4 


5 


e 


7 







la 


11 


\% 


























:ie 




4 


J 










? 










!> 




1 


S 










z 






4 




M 






Vft 










-M 






•^ 







^ 


^ 


"iS 




1 






3 






1 




( 




^ 






t 






iC 


^ 


3i 


:ti: 


-i:]^ 


*|n 


* 


'^IS 


4 - 


^ 


^k* 


3S 


r 


I 


380 


54 87' 


4-57 


I.9Q 


I 73 


2.99 


0.598 


5 >7 


341 


0,66 


I JO 


-t^ 


2 


2.«o 


21 95 


1 83 


i.40 


i-n 


I 51 


0.302 


^13 


3 Ji 


I 51, 


S^$ 


4.606 


3 


2.08 


9.00 


<='75 


1.04 


0,87 


77 


0.1S4 


0.90 


30« 


3 4^ 


4 66 


15 937 


4 


I 54 


5^65 


0.3^ 


77 


0,60 


0,36 


o.07i 


^■37 


2.92 


7.8c 


1 95 


96 ^46 


S 


I 58 


*.6j 


0. %i 


0.69 


0.5a 


0.37 


0.054 


0.27 


2.8[ 


to.4t 


6,^ 


72.662 


6 


I 30 


3.:tO 


0,18 


065 


0.48 


0.23 


0.046 


0.13 


^75 


11. 96 


7 77 


93.929 


7 


1,19 


1.6c; 


0.14 


0'59 


0,43 


o,r8 


"^-^^^ 


0.18 


a. 74 


15.72 


8,30 


126.326 


S 


i.io 


I 33 


o.ti 


55 


0.38 


o-H 


0.8*8 


0.14 


2.70 


19.28 


8,71 


167.929 


g 


I 05 


1.09 


O.oq 


<> SI 


34 


0,12 


0,024 


o.ti 


2.68 


24.36 


8. 98 


218.753 


lO 


1. 00 


1. 00 


0.08 


0.50 


^■33 


O.II 


0.022 


0, 10 


j.68 


26.80 


9,12 


34'i 416 






lat-si 




m^ n 


J^i 1982.46 _^^, 




2 




2 








14 


343 


.03 


^. * J ^ sr 








'1j" 


1982 46 







TABLE IL- 


^COMPLTATIOX OK 


J^i. 








1 


2 


3 


4 


5 


e 


7 


8 


fl 






1^ 


? 




Pi-i-P/. 


F,-i-P,'. 




i 




In" 




1 
















X. 


■i 


^ 


1^^* 
i. i. 


^ 

■^ 


^ 
1 


wt,. 


m.A, 


tttt. 


m«B, 




I 


0.66 


-70576 


- 4 65S 


- 5-^238 


t 34 


^ 


1 34 


— 6.242 


1 34 


1 


< 5t 


-5.1076 


-- 7.712 


- 33.5256 




34 


4 


02 


- 31002 


4 01 


^ 


3-4^ 


-3.4976 


— II. 962 


- 5S'74ii 




34 


"? 


4 


02 


- 4B.087 


6-70 


4 


7 89 


— 2 . 2076 


-17.418 


-103.6379 




34 


^S 


4 


02 


— 70.020 


Q 3S 


<; 


10.41 


-1.1776 


-12.259 


- S5 5667 




34 


ft B 


4 


02 


- 49*81 


t2 06 


6 


11.96 


^0.3876 


- 4 636 


- 36.0192 




34 




4 


02 


- 18.637 


u 74 


7 


15.22 


+ 0.1424 


+ S.167 


+ J7.9888 




34 


4 


02 


+ 8.711 


1741 


8 


19.28 


+ 0.5524 


+ 10.650 


4- 92.7639 




34 


c iT 


4 


02 


+ 43.813 


30.10 


9 


^4'3<i 


4-0.8224 


+ 10.034 


+ 179.9024 




34 


^ 5 


4 


02 


+ 80.537; 


22.78 


10 


26 So 


+ 0.9624 


+ ^5.79^ 


+ 335.2259 


I 34 


:s ^ 


4 02 


+ J03 684 


25.46 




131, 5t 




+58 643 


-309.6144 
+ 525.8810 








-2*3.369 
^235.745 






,00a 


+ 216.2666 





^ 12 476 










IB 


IC 




Zm^B 




Im^H 








iH 


-0 







o^-^t 





EXAMPLES SHOIVING APPLICATION OF FORMULAS. 



9X 



TABLE II.— COMPUTATION OF H,— Concluded. 
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— = 1.34, or one half of one of the twenty divisions into 

which we divided the span of the axis. The first five 
columns of Table III give the complete determination of 

1^^30.373. 

^"^V^" J^/ "^"^^-^^^^^'^ "3^-373)= -868.304. 

We now have 

Jm^JC^-^ 30.373) 
^'~ -868.304 

Cols. 6, 7, 8, and 9 give the deduction of ^(^— 3o.373)» 
and in col. 9 the algebraic sum is found to be -868.308^ 
which should equal the denominator when all work is correct. 
In this case the difference is 4 in the third decimal place 
(see cols. 10, 11, and 12). 

The next step is the computation of 

-868.304 -648 

This may be written 

_ P '7 ^(^-30»373) ,. . p ''<|-^ ^(^-30373) ^ 
\-o 648X1.34 ,-0 648X1.34 ' 

since 

ntx^RiX for Jt: = o to ^=a 
and 

m,«/?2^ for Jt: = a to ^ = /, x'^l—x. 
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Dividing both numerator and denominator by 1.34, x 
becomes z and the denominator 648, Cols. 14 to 26 inclusive 
show the solution of the above equation in detail. As 
checks col, 18 should sum zero and col. 19 have an alge-i 
braic sum equal to the span^ in this case 53,6, The error 
in each case is 0.0078. 

Cols. 26 and 27 give the values of Mi for unit loads. 

74. Values of Vi, yi, y^, y^, etc., for Unit Loads. — These 
quantities are quickly determined as shown in Table IV, 
which also contains for convenience in future calculations 

the values of I oi Hu Vu V2, Mu and M2, 

Q 

75. Values of Hy and Mi for the Dead ioad,— Since the 
span is divided into equal parts, the dead load at each 
point equals 140 X 2.68 X the ordinate from the intrados 
to the roadway, nearly; so it is unnecessary to carry 
the common factor 375.2 through the work. Column 2 
of Table V, page 98, contains the ordinates which must 
be multiplied by 375.2 in order to obtain the dead load 
assumed at each point. 

Tables V and VI give the values of Hi and Mi as 
found by considering each load separately, and also by- 
considering the loading as a whole. For Mi we have^ 
— 40.289 and —40.301. For Hi we have 46,504 and 46,50a, 
in both cases close agreement. 

76. Location of the Equilibrium Polygon for the Dead Load, 
^Knowing Hit Vi, and Mi we can graphically locate 
the polygon. The algebraic determination of M,-i-//|, 
however, is more accurate and requires hardly any more 
time. From Arts. 16 and 17, 

Wx / ^yJ\ ( Im^A\ I 
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Table VII gives the values of 77^ in col. 6, showing that 

the polygon nearly coincides with the arch axis. 

77. Maximum Fiber Stresses Produced by the Dead Load at 
Point I. 

Moment of inertia = 5.17=/. 

Area of section in equivalent concrete -3 80+0.20 

= 4.oosq. ft. ^F. 
Dist. outermost fiber of concrete fromneut.axis = 1.90 ■=0. 
* * e.g. of steel above or below neutral axis = 1.73 =/. 
Jt = i.34, 3; = !. 10. sin ^=0.618, cos ^=0.786. 

Mx=Mi + ViX-Hiy, 
ATx = Vi sin ^ +7/1 cos ^, 
Tx = V\ cos <f> -Hi sin ^, 
Ml = -40.289(375.2) = -15116, 
Hi = +46.502(375.2) = 17448, 
Vi =51.520(375.2) = 19330, 
7/1^ = 17448(1.10) = 19193, 

^1^ = 19330(1.34) = 25902. 
Then 

Mx= —15116 + 25902 —19193= —8400. 

From Table VII we have 

Mx = i7448( -0.482) = -8200, 

a difference of 200 pounds per square foot. 

Nx = 19330(0.618) + 1 7448(0.786) =25660, 

Nx r /H^ K 25660 ^ , rs 

p r±o.367(Mx)=-^-— ±o.367(-84oo). 

4 4 

•'• /^ "=9500 comp. in the lower fibers of concrete 
and 3300 comp. in the upper fibers of concrete 



I02 SYMMETRICAL MASONRY ARCHES 

The unit stresses in the steel are as follows: 



.-|^.o. 



334^1 



20 = (641 5 ± 2800) 20. 



.*. // = 184300 comp. in lower steel 
and 72300 comp. in upper steel. 

The above unit stresses are pounds per square foot. 
Reducing them to potinds per square inch, 

the maximum compression in the concrete is 66 lbs. 
and *• " " . ** '* steel is 1280 lbs. 

These values are quite insignificant when compared with 
the ultimate strengths of the materials. 

78. MflTimnm Fiber Stresses Produced by the live Load at 
Point I.— From Plate III we see that loads 1-7 incltisive 
produce one kind of stress and loads 8-1' inclusive the 
opposite kind. 

A live load of 1 1 2 poimds per square foot of roadway 
is eqmvalent to about 300 potinds for each division of the 
span. For loads 1-7 inclusive the fiber stresses are ob- 
tained as follows (see Table IV) : 

Ml = -30.462(300) = -9139 

Hi= 2.9675(300) = 890 

Vi^ 6.654(300) = 1996 

Mit^ -9139+2680-979= -7438 

Vi sin ^ = 2000(0.618)= 1236 
Hi cos ^ = 890(0.786) = 700 



/. A^x= 1936 
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/^-'^ ±7438(0.367) . 
= 3214 compression in lower fibers of concrete 
and 2246 tension in upper fibers of concrete. 

For the steel we obtain 
1936 



P' 



^ ±7438(0.334) 
4 



20 = 59400 comp. in lower steel 

and 40000 tension in upper steeL 

For loads 8-1' inclusive we have (see Table IV) 

Ml = 50.788(300) = +15236 

^1 = 13-7995(300) « 4140 

Vi= 3346(300) = 1000 

Afx= +15236 + 1340-4550 =+13330 

Vi sin ^ = 1000(0.618) = 620 
H\ cos <t> =4140(0.786) = 3250 

.-. iVx= 3870 

3870 , ^ X 

P ==— r-±i333o(o.367) 
4 

= 5860 compression in upper fibers of concrete 
and 3920 tension in lower fibers of concrete. 

For the steel, 
// =[970 ± i333o(o.334)]2o = 108400 comp. in the upper steel 
and 69600 tens, in the lower steel. 

79. MaTimnm Fiber Stresses Produced by the Dead Load at 
Point 7. 

Moment oi inertia = 0.18 (see Table I). 
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Area of section in eqtiiv. cone. = 1.19 +020 = i .39 sq. ft. 
0=o.6o, 2;'-o.43, ^ = i7-42, y=8.3- 
sin ^=0.208, cos ^=0.978. Mi= — 15116 

M,=Mi + Fi^-Hiy-iP(^-a), Hi = 17448 

A^x = (1^1 - iP) sin 4> +Hi cos <f>, Vi = 19330. 

Tx = (Fi -iP) cos ^-Hi sin ^, ip= 15732, 

^1^ = 336728, Hiy = 144818. ip(^-a)= 176241, 

.-. Mx=+sS3. 
From Table VII, 

Mx = i7448( +0.037) = +646. 

This indicates a large percentage of error. The error 
is of no consequence as it amounts to less than 3 potmds 
per square inch fiber stress. In order that col. 6 of 
Table VII should be correct much greater accuracy 
would be required in the previotis work. For practical 
purposes, however, col. 6 is quite accurate enough. 

{Vi - IP) sin ^ = 749, Hi cos ^ = 1 7064. 

.-. A/', = i78i3. 

/^-7;;^±Mx(3i) =12820 ±1843. 
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or /> = 14663 compression in upper fibers of concrete 

and /> = 1097 7 compression in lower fibers of concrete. 

For the steel, 



1-39 



±M,(2.4) [20 = {l2820±I327}20 



or f/ ^ 282940 compression in upper steel 

and f/ = 229860 compression in lower steel. 

80. Maximnin Fiber Stresses Prefaced by the live Loads at 
Point 7. — From Plate III we find that loads 1-8 inclusive 
produce positive moments at this point and loads 9-1' 
negative moments. 

Considering first, loads 1-8 inclusive: from Table IV^ 

A/i= -29.839(300)-- 8952, (Fi-iP)sin0= 88, 
^i^ 4.53(300)=* i359» ifi cos = 1329. 

Fi=» 7.411(300)= 2223, /. iV, = i4i7. 

Vi^= 2223(17.42)- 38725, 
thy=^ 1359(8.3) = 11280, 
2P{x - a) = 1 6884. .-. M, - + 1 609. 



^ = ^39 ±i6io(3i)-io2o±S367. 
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Then 

/> =4347 tension in the lower fibers of concrete 

and P = 6387 compression in the upper fibers of concrete. 

For the steel we have 

p' = { 1020 ± 1610(2.4) ! 20 = j 1020 ±3864} 20, 

or />' = 56880 tension in the lower steel 

and /?' =97680 compression in the upper steel. 

Proceeding in a manner similar to that employed above 
lor loads 8-1' we obtain 

p = 8040 compression in lower fibers of concrete 
and p = 2640 tension in upper fibers of concrete, 

/?' = 145280 compression in lower steel 
and />'= 37280 tension in upper steel. 

81. MaTrimiiin Fiber Stresses Produced at Points i and 7 by 
the Dead and Live Loads. — Tabulating the above results 
and combining those producing maximimis we have the 
results given in the table at top of page 107. 

The maximtun stress in the concrete is 146 pounds 
compression per square inch and in the steel 2650 poimds 
compression per square inch, values considerably below 
the allowable. There is no tension at these points. 

82. Temperature Stresses. — For a change of tempera- 
ture of ±40° F. the horizontal thrust is 6500 when £=» 
1500000 and ^=0.000006. 
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MAXIMUM FIBER STRESSES. 
(pounds per square foot.) 



Loads, etc 



Dead load 

Live load 1-7 

•* ** 8-1' 

Maximum compression. 
' ' tension 



Dead load 

Live load 1-8.. . 
*• ** 9-1'.. 



Maximum compression. 
* * tension 



Concrete. 


Steel. 


Upper. 


Lower. 


Upper. 


Lower. 


+ 3300 
— 2240 
+ 5860 


+ 9500 
+ 3214 
- 3920 


+ 72300 
— 40000 
4-108400 


+ 184300 


9160 



12714 



180700 



243700 



+ 14663 
+ 6384 
— 2640 


+ 10977 

- 4347 
+ 8040 


+ 282940 
+ 97680 
- 37280 


+ 229860 
- 56880 
+ 145280 


21047 



19017 



380620 




375140 




Point. 



M^^6soo\y--YJj =6500(^-8.1576), 

Nx =H cos 4> =6500 cos 4>. 
For point i, 

Mx =6500(7.06) =45900, 

Nx - 6500(0 . 786) = 5 100. 
For a drop of 40® F., 

^'^ "^^^^ 45900(0.367) = -1275T 16850, 
4 

or /? = i8i25 tension in upper fibers of concrete 

and /^ = 1557s compression in lower fibers of concrete. 

For the steel, 

// = 332100 tension in upper steel 
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and // = 281 loo compression in lower steeL 
For point 7, 

M, =6500(0.142) «= 923, 

iV, = 6500(0.978) -^6400. 
For a drop of 40° F., 

P-»7;^=F 64oo(3i) - -664T 21333, 

or p ■« 22000 tension in upper fibers of concrete 

and p «= 20700 compression in lower fibers of concrete^ 

For the steel, 

//=[-623T 6400(2. 4)]2o= -12460T 307200 
or p^ «= 319700 tension in upper steel 

and p' ■« 294700 compression in lower steel. 

A rise of 40® F. will reverse the above stresses. 

83. MaTimiim Stresses Produced by Dead Load, Lhre Load, 
and Changes of Temperature. — Combining the stresses of 
Art. 81 and 82 we have: 

Point I : 

^-27285 compression 1 

r upper fibers of concrete ; 



17065 tension 

sion 1 

lower fibers of concrete ; 



p — 28289 compression 1 
sion J 



1 0000 tension 
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// « 5 1 2800 compression . 

f upper steel: 
300000 tension ' 



sion 1 

} 



f/ «= 524800 compression . 

,^ ^ . r lower steeL 

166400 tension 

Point 7 : 

p - 43000 compression 1 

f upper fibers of concrete : 
loooo tension J 

/>- 39700 compression 1 , 

f lower fibers of concrete : 
14100 tension J 

f/ — 700300 compression 1 

f upper steel ; 
74400 tension J 

// "669800 compression 1 , 

f lower steel. 
1 21 700 tension J 

The allowable compression in the concrete, when* 
temperature is considered, may be assumed at 800 X 144 — 
1 1 5200 poimds per square foot, and the tension at 11500 
pounds per square foot. 

In compression the maximum stresses are consider- 
ably less than the allowable, while in tension they are 
much larger. Yet if the tensile strength of concrete* 
is taken as one tenth the compressive strength, the above 
stresses are less than the ultimate strength of the mate- 
rial. If it should happen that a maximum change of 
temperature and a maximum live load should occur at 
the same time, the concrete would probably crack, but. 
the steel and the compression concrete have ample mar- 
gin to cover this contingency. It is quite improbable that 
a range of ±40® F. ever occurs, so the two sections may 



no 
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be considered safe. The crown should be examined in 
an actual case. Although the live-load moment will be 
small, the temperatxire moment will be considerably 
larger than at point 7, 

84. The Axial Stress,— Thus far the effect of the axial 
stress has been neglected. Proceeding in the manner 
followed in example i, the value of H^ is foimd to be 
about 6.7% of Hi. The effect is seen to be somewhat 
less than in the previous example. As the rise of the 
span increases the ef!ect grows less* 

85. Assumption that Steel Resists Entire Bending Moment 
Due to Changes of Xemperature at Point i. 

Max, comp. in upper steel due to D,L.+L,L. ^1255 lbs. 
per sq, in. 

Max. comp. in lower steel due to D.L. +L*L, =1700 lbs. 
per sq. in. 

Moment due to ±40** = ±45900 ft. -lbs. 

Area of steel ^iti(2| -J)] =0,70 sq. in, 

Dist, c. c* steel ^3.80 -0.34 ^3.46 ft. 

Total stress in steel = - — — = 13300 lbs. 



I 



Stress per sq, in. = 



3,46 
13300^ 

0.70 



19000 lbs. 



Max. comp. = 19c x» + iSo + 1 700 = 208S0 lbs. per sq* in. 

Max. tension = — 19000 — 180 + 1225=^1 7960 lbs. per sq. in. 
AH well within the elastic limit of the steel. 

This shows that even if the ring should crack entirely 
through at point i , the steel would safely carry the maxi- 
mum temperature moment even when combined with the 
dead- and live-load stresses. 

A brief calculaticm for point 7 and the crown shows 
that the steel is here stressed w^eU within the elastic limit. 
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86. Third Example. — In this example we will take 
the data used in the second example and show how the 
computations of Hi and Mi can be quite rapidly made. 

87. The Computation of Hi. — ^The equation used in 
the former calculations was 

til 



.Iyj(y-^\ 



where m.^the common moment for equal and sjrm- 
metrically placed loads. Assuming tmit loads, the fol- 
lowing values of w, may be written: 
Between the load and the left support 

ntx ^RiX ^x = — z, 
2 * 

where dx is the length of the division into which the span 
is divided, or l=ndx. 

Between the first load and the center of the span 



dx 
fnx'=RiX—(x—a) =a =fe-— . 



Then 



My-'^)-tl<y-'^H'h-^>)f-'^- 



an expression which is very quickly handled numeric- 
aUy. 

Although the general data, such as the values of x, 
y, /, Ss, etc., are given in the second example, we will 
repeat some of it for convenience. 
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GENERAL DATA. 





X. 


y- 


;. 


^J. 


i. 


yd. 


^ Id 


H>%) 


I 


I.J4 


1. 10 


5 i? 


3.41 


0,66 1 


0.736 


-7,0576 


- 4 658 


z 


4.0a 


305 


3.13 


3^" 


t'Si 


4.606 


'S 1076 


- 11^^ 


3 


6,70 


4.66 


0.90 


3.08 


3 4a 


13-937 


-3-4976, 


— 11.962 


4 


9 18 


S 95 ' 


17 


2 92 


7 89 


46.946 


— 2 . 2076 


-17 41S 


5 


12.06 


6.9i* 


0.27 


2.8t 


10.41 


72.66a 


^1.1776 


-12.359 


6 


14-74 


7 77 


o-n 


3 75 


11,96 


92.929 


-0.3876 


- 4 63^ 


7 


17.42 


».io 


0.18 


a 74 


15.22 


126.326 


+ 0. 1434 


+ 2.167 


8 


20.10 


H.71 


0.14 


2.70 


19.28 


167.929 


+ 0,5524 


+ 10.65& 


9 


22. 7S 


S.98 


0. II 


2 68 


24 56 


a 18 753 


+ 0.8224 


+ 20.034 


to 


25.46 


9.12 


O.IO 


2.68 


36. So 


344-416 


+ 0.9624 


■i-35.79» 




131,51 


991 :»3 


-58-645 












3 


2 




+ 58641 




243.02 


1982.46 


.002 












Id 


lyd 







The values ol B m the last column when multiptied by y give the denomiaator 
of the expression for Hu 

COMPUTATIONS FOR H^. 
(UNIT toforn.) 



i 


«(>% 


J. 


k. 


1!^, 


J— 

x—o 


I B. 

3P— 


I 

X— — 

X'^a 


D. 


D iM 

IC J* 


t 


- S "38 


T 


] 


- 4^658 


- 4 658 


+ 4 656 


4.656 








2 


- nmf^ 


1 


3 


- 33.136 


- 37-794 


+ 12.368 


37 


104 


9 31C 


0.078S 


3 


- 5S-74ia 


.s 


5 


— 59.810 


- 87.604 


+ 24.330 


i?i 


61; 


34 . 046 





10; 5 


4 


-103.6379 


7 


7 


— 121. 926 


-209.530 


+41.748 


393 


^36 


82.706 





3562 


5 


- 85.5667 


9 


9 


-110.331 


-319^861 


+ 54 <307 


486 


063 


t66, 203 





^i^ 


6 


- 36.0193 


II 


II 


- 50.996 


-370 857 


+ 58.64,^ 


64.^ 


<57.1 


274.216 





84QS 


7 


+ 17.98S8 


J 3 


13 


+ 28,171 


-343 686 


+ 56.476 


734 


1S8 


391.502 


r 


3139 


8 


+ 93 7639 


15 


15 


+ 159-750 


-183.936 


+ 45 836 


687 


390 


404 '454 


I 


07^ 


9 


+ 179 9024 


17 


17 


+ 340.578 


+ 157.642 


+ 35.792 


438 


464 


596. 106 


1 


8468 


10 


+ 235.2259 


19 


19 


+ 490.048 


+ 647.690 







647,680 


3 


0066 




-309.6144 
























+ 525.8810 
















8.3840 




+ 216.2666 
2 


3 


















l6.768tf^ 




+ 433 '533^ 






IC 



















The values of //, are identic^ vvilh those obtained in the second example 
The number of operations is very much reduced and the muUiplications simpli* 
Bed. This method is shorter than any algebraic or graphical method advanced 
up to this time. (See pages 90 and 91.) 
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88. The Computation of Mi and M2. — In this case 
we will employ the formula 



Id \ 2A ^ „il 2x^d\ ]' 



H 



2yA 



This expression contains only known quantities and 
Teqtures but one division and ten multiplications. 

IT' 

As before let^= — z and a= — k, 
2 2 

For all points upon the left of the load 
^ ^p^ 7? /-fl 2.n-fe 

t», -*AiX, l\\— 7—— n^* 

2n 2 
Upon the right of the load, between ^-a and ^ —o 

/. fKxJ'^J Z — . 

2n 2 

Since i has symmetrical values, 







« — a 



^zj\—, 

«-0 J 2 



represents the stunmation of m,J from ^=0 to it —a 
and x=l-a to «=/. 
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Upon the right of the load and until ^ «=/ — a, m^^R^, 
and for the two values of m, corresponding to symmetrical 
values of A this becomes 

dx 

2' 



«-/-o 


r »-//a ] 


I m,i = 


k I A 


« — o 


I «-a J 



and therefore 



InixA^ 



.«-0 «-a J 2 



I Ay the denominator of the expression » . , is already 

known, hence the value of the expression is quickly deter- 
mined. 

Ifn^A{x-^l), 

dx 

{x-^t)={z—n) — , where the values are evidently sjnu- 

metrical about the center of the span but contrary in sign. 
Until x^a 



. 






w,= 


2n—k dx 
z — . 

2« 2 


x^ 


=/- 


-a 


and 


X=l 

k dx 

■' — z — . 
2n 2 



Then for the symmetrical values of (z—n) which have 
contrary signs we have for the two values of w, 

2»— fe k 1 dx n—k dx 

2n 2» 2 » 2 ' 



For x=^a to x=o and ^=ato^=o 
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I /dx\ ^ *"<» 

IfK:,J{x-^l)=-l—) {n-k) I (z-n)zJ. 
n\2 / x'-o 

Fromx^a to x=/--a or x' =a 

m, = /?2^' and Wx=/?2(/— ^). 

For symmetrical points 

k /fx 



Summing the symmetrical values, 
.*. For the total summation 



n \ 2 i x^a 



(»-fe) i" (2f-n)2;J-Jfe 2* {z-n)^J (— ) -. 

jr-0 «-o J\ 2 / ft 

This expression is somewhat long but very easy to use 



Ix'^J- 



(f)^-"^. 



dx „ ^ dx ^ ^ , , dx 
IxA = — IzJ =n — IJ, U^n — . 
2 2^2 



'"• 2 i'^J "V^ nlj) 2 • 
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and the denominator becomes 

The expression for Mi now becomes 



Jlf2j 



•Hy 



lyj 
Id 



«— o « — //a 

I zA-\-k I A 



dx 

2 2d 



± I (n -}e)2(z-n)zd -k I \z -nYd \ 

I «-0 «-a J 



ax 



/ IZ^d\ ^ , 



2n 



COMPUTATIONS FOR 



2m:^ 





1 


S 


3 


4 


ff 


6 


7 


8 


Point. 


«. 


si. 




-A 


h. 


k I J, 


JmW 


Im^ 








ar— 


«— a 




» — 


1.34 


14 


z 


I 


0.66 


0.66 


120.85 


I 


120.85 


121. 51 


0.662 


2 


3 


4-53 


5.19 


119. 34 


3 


358.02 


363.21 


2.003 
3.318 


3 


5 


17.10 


22.29 


115.92 


5 


579 60 


601.89 


4 


7 


55-23 


77.52 


108.03 


7 


756.21 


833 -73 


4.597 


5 


9 


93.69 


171. 21 


97.62 


9 


878.58 


1049.79 


5.788 


6 


II 


131-56 


302.77 


85.66 


II 


942.26 


1245.03 


6.865 


i 


13 


1^7-86 


500.63 


70.44 


13 


915.72 


1416.35 


7.810 


15 


289.20 


789.83 


51.16 


15 


767.40 


1557.23 


8.586 


9 


17 


414.12 


1203.95 


26.80 


17 


455.60 


1659.55 


9.150 


xo 


19 


509.20 


1713.15 





19 





1713.15 


MM 
















Cob. (3+6) 



2.68 



dx ^ 

2£A 2(243.02) 



-0.0005514. 



Col. 8 represents the sum of the moments for each load multiplied by the 
• corresponding value of J, divided by 2* J. By ordinary methods the determination 
of Imzd for one load only requires the scaling of 20 ordinates, 10 additions, and 
10 multiplications. 
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COMPUTATION OF ^^ff^^Z\^l . 
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2 


3 


4 


ff 


6 


7 


^ 












x^a 


jr-<J 




n-k. 


ik. 


z — n. 


«. 


{t-n)z. 


«(»-n)J. 


IJ(z-n)M. 
X — 


in-k)I 4(s-n)M. 
«— 


I 


19 


I 


-19 


I 


-19 


- ".54 


- 12.54 


- 238.26 


2 


17 


3 


-17 


3 


-51 


- 77.01 


- 89.55 


- 1522.35 


3 


15 


5 


-15 


5 


-75 


- 256.50 


- 346.05 


- 5190.75 


4 


13 


7 


-13 


7 


-91 


- 717 99 


— 1064.04 


-13832.5a 


5 


II 


9 


— II 


9 


-99 


-1030.59 


-2094.63 


-23040.93 


<} 


9 


II 


- 9 


II 


-99 


-1184.04 


-3278.67 


— 29508.03 


7 


7 


13 


- 7 


13 


-91 


-1385.02 


-4663.69 


-32645.83 
-30548.45 


8 


5 


15 


- 5 


15 


-75 


— 1446.00 


— 6109.69 


9 


3 


17 


- 3 


17 


-51 


-1242.36 


-7352 05 


-22056.15 


10 


I 


19 


— I 


19 


-19 


- 509.20 


-7861.25 


- 7861.25 





9 


10 


11 


12 


13 


14 








X-//3 




Col. 11 
Multiplied by 




-(«-«)». 


-iU-n)». 


- IJis-n)*. 


-klJix-ny^. 


Cols. (8 + 12). 








X — a 


X — a 




— 0.0001034. 




-361 


- 238.26 


-6241.49 


- 6241.49 


- 6479-75 


+0.670 




-289 


- 436.39 


-5805.10 


-17415-30 


-18937.65 


+ 1.958 




-225 


- 76950 


-5035 60 


-25178.00 


-30368.75 


+ 3.140 




-169 


-1333-41 


-3702.19 


-25915.33 


-39747-85 


+ 4.110 




— 121 


-1259.61 


-2442.58 


-21983.22 


-45024.15 


+ 4.656 


6 


- 81 


- 968.76 


-1473.82 


— 16212.02 


-45720.25 


+ 4.728 


7 


- 49 


- 745 78 


- 728.04 


- 9464.52 


-42110.35 


+ 4.354 


8 


- 25 


— 482.00 


- 246.04 


- 3690.60 


-34238.05 


+3 540 


9 


- 9 


- 219.24 


- 26.80 


- 455-60 


-22511.75 


+ 2.328 


10 


— I 


- 26.80 








- 7861.25 


+0.813 



UJ 



-— — 0.0001034. See Table III, page 93, of the second cxainple. 



Col. 14 is the complete value of j^ vTir ^or each load, i to 10 

respectively. 

Note that cols, i, 2, 3, 4, 5, and 9 will remain the same as long as ff«*20 
regardless of the span. The formation of the remaining columns requires but 50 
multiplications and 30 additions. 
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1 


2 


3 


4 


ff 


6 


7 




„lyd 


m, 


mi. 


Ml. 






Jm.i 2m,A{x-\D 


M^ 






^' IJ 


(*'-'£) 






-1.332 




I 


+ o 


+0.662 


±0.670 


1.332 








2 


+ 0.235 


+ 2.003 


1.958 


3.961 


0.045 


-3 726 


+ 0.190 


3 


+ 0.860 


+ 3.318 


3.140 


6.458 


0.178 


-5 598 


+ 0.682 


4 


+ a. 089 


+4.597 


4. no 


8.707 


0.487 


—6.619 


+ 1.602 


5 


+ 4- 200 


+ 5.788 


4.656 


10.444 


1. 132 


-6.244 


+3.068 


6 


+ 6.930 


+ 6.865 


4.728 


"593 


2 137 


-4.663 


+ 4.793 


7 


+ 9.894 


+ 7.810 


4. 354 


12.164 


3.456 


— 2.270 


+ 6.438 


8 


+ 12.749 


+8.586 


3.540 


12.126 


5 046 


+0.623 


+ 7.703 


9 


+ 15.065 


+ 9.150 


a. 328 


11.478 


6.822 


+ 3.587 


+8.243 


lO 


+ 16.368 


+ 9.446 


±0.813 


10.259 


8.633 


+6.109 


+ 7.735 



Combining the values fotmd we obtain the values of 
Ml and M2 for each load i to 10 respectively; for loads 
i' to 10' Ml and A/2 simply change places. Compare cols. 
6 and 7 with col. 26, page 95. 

The values of Fi, yu ^2, etc., can now be foxmd as 
in the second example. 

The above calculations require but little more time 
than some of the graphical constructions in common use 
which only give the equilibritmi polygon for one set of 
loads. Here we can quickly determine the effect of each 
load and then use those producing maximtun results 



CHAPTER IV. 

TYPICAL ARCHES. 

A FEW typical bridges will be illustrated in this chapter 
which will clearly show that, as ordinarily constructed,, 
the arch ring proper is heavily reinforced either by masonry 
or concrete backing or masonry side walls. Since this 
masonry does not readily follow the arch ring if it sinks,, 
the actual dead load is never more than the dead weight, 
of the material above the ring; and since the passive, 
resistance of this masonry against moving upward is large 
in case the arch ring has such a tendency, it is evident 
that any ring which is stable under the elastic theory must 
be stable in the structures as built. Fiuthermore, experi- 
ence teaches that temperature stresses may be ignored in 
stone arches well backed, as is customary. A recording 
thermometer placed in the ring of a reinforced-concrete 
bridge having earth filling indicated that the total range 
of temperature change did not exceed about 20® F. in some 
ten or twelve months. All rings without backing should be 
designed to resist a change of temperature of about ±35° F. 
In rings like that of the Luxemburg bridge full account 
of temperature must be considered, the range approaching 

that for steel. 
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89, The Roclmlle Stone Arch 
Bridge.^This is t>T)ical of a large 
number of arches recently con- 
mL+iK-g'tjucted by the Pennsylvania 
R.R* The arch ring is backed 
with Portland-cement concrete 
to such an extent that it is 
increased in thickness nearly 
three times near the spring 
line. (Eng. News, May 
1900.) 
90. The Bellefield Stone Arch Bridge, Pittsburg, Pa.— 
In this bridge the outside spandrels are of sohd masonr)% 
Inside there are six longitudinal walls reinforced with 
three lateral walls. The lateral walls do not support 
any vertical load, as they stop at the springing of the 
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arches between the longitudinal walls. The arch ring 
is securely held by a backing of concrete and the spandrel 
walls, (Eng. Record, June 9, 1900.) 
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9i» The Luxemburg Stone Arch Viaduct . — This bridge 
IS an excellent illustration of spandrels pierced with lateral 
arched openings. The elastic theory can be apjjHed 
with confidence in bridges of this type. (Eng. Record^ 
Oct* 12, 1901.) 

92. Approaches to the Thebes Bridge. — nie apprrsachcs 
are composed of eleven plain-concrete arches having a 
span of 65 feet, and one with a span of 100 feet. The 
proportions of the 65-foot arches are clearly shown above. 
Note that the spandrel side walls cover nearly aU of the 
arch ring at the supports, and at the crown two fifths of 
the ring, practically preventing distortion under moving 
loads, (R. R. Gazette, Jan. 9, 1903.) 
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53. Vennillion River Plaiii-concrete Arch Bridge. — This 
bridge is composed of three spans. The entire loading 
above the ring is supported by lateral walls which makes 
the application of the elastic theory quite rational. 
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The ring was designed without reinforcement, but when 
built the entire concrete w^ork was reinforced with steel 
bars. This reinforcement is shown in the Railroad Gazette, 
Oct. 27, 1905. 

94. Steel Reinforceznent in the Form of Ribs.^ — Whem 
the steel reinforcement has been concentrated in concrete 
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rings the three types shown below have been success- 
fully used. The steel is usually assumed to take the 
entire bending moment. The two upper types were used 
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6TEEL Rm, HQULrD I BEAM TYPE 
TYPES OF STEEL RIBS 

in a viaduct at Jacksonville, Fla., and the third type in 
St. Louis, Mo. 

95* Steel Reinf orcement other than in the Form of Ribs.— 
The present method of reinforcement appears to follow 
the idea of thoroughly distributing the steel in layers a 
few inches from the upper and lower surfaces of the arch 
ring. This is accomplished by the use of small rods, 
wire netting, expanded metal, etc. The majority of rein- 
forced concrete bridges in the United States are reinforced 
with rolled rods, some plain and some "deiormed/' 

96 » Area of Steel Reinforcement. — The amount of 
steel is seldom less than 0.6% or greater than 1% of the 
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area of the ring at the crown, regardless of the type of 
reinforcernent employed, 

97. Abstracts from Specifications. — The f ollo^?v4ng ab- 
stracts from specifications will indicate some of the methods 
employed and assumptions made in the construction of 
reinforced -concrete bridges. 

Cmtdittons of Caladation. — ^Modulus of elasticity of 
concrete, 1,400,000 lbs.; modulus of elasticity of steeU 
28,000,000 lbs.; maximum stress per square inch on 
steel, 10,000 lbs.; maximum compression per square inch 
on concrete, 500 lbs. ; maximum shear per square inch 
on concrete, 100 lbs.; maximum tension per square inch 
on concrete, 50 lbs. The above to be exclusive of tem- 
perature stresses. The steel ribs^ \mder a stress not exceed- 
ing their elastic limit, must be capable of taking the entire 
bending moment of the arch without aid from the con- 
crete, and have a flange area of not less than one one- 
hundred-and-fiftieth part of the total area of the arch 
at cro\\Ti. 

Partlafui-cement Concrete. — The concrete shall be com- 
posed of clean hard broken stone, or gravel with irreg- 
ular surface, clean sharp sand, and cement, mixed in the 
proportions hereafter specified. Whenever the amoimt 
of work to be done is sufficient to justify it, approved 
mixing-machines shall be used. The ingredients sliall 
be placed in the machine in a dry state, and in the volumes 
specified, and be thoroughly mixed, after which clean 
water shall be added and the mixing continued until the 
wet mixture is thorough and the mass uniform. No more 
water shall be used than the concrete will bear ma thou t 
quaking in ramming. The mixing must be made as 
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rapidly as possible, and the batch deposited in the work 
without delay. If the mixing is done by hand, the cement 
and sand shall first be thoroughly mixed dry in the pro- 
portions specified. The stone, previously drenched wth 
water, shall then be deposited on this mixture. Clean 
water shall be added and the mass be thoroughly mixed 
and turned over until each stone is covered wnth mortar, 
and the batch shall be deposited without delay, and be 
thoroughly rammed until all voids are filled. The grad^ 
of concrete to be used are as follows: For the arches 
betw^een skewbacks, one part Portland cement, two parts 
sand» and four parts broken stone or gravel that will 
pass through a one-and-one-quarter-inch ring. For the 
piers, one part Portland cement, three parts sand, and 
six parts broken stone that will pass through a two-inch 
ring. For the foundations, abutments, and spandrels, 
one part Portland cement, four parts sand, and eight 
parts broken stone or gravel that will pass through a 
two-inch ring, 

Coftcrete Facing. — Concrete facing w411 be used and 
shall be composed of one part Portland cement and 
two and one-half parts sand, and shall have a thickness 
of at least one inch on all arch soffits, arch faces, abut- 
ments, pierSj spandrels, or other exposed surfaces. TTiere 
must be no definite plane or surface of demarkation betw^een 
the facing and the concrete backing. The facing and 
backing must be deposited in the same layer, and be well 
Tammed in place at the same time. If the arch faces, 
quoins, or other exposed surfaces are markKi to represent 
masonry, such division-marks shall be made by triangular 
strips two inches wide and one inch deep fastened to the 
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casing in perfectly straight and parallel lines, and all 
projecting comers will be beveled to correspond. 

Connections, — In connecting concrete already set with 
new concrete the surface shall be cleaned and roughened, 
and mopped with a mortar composed of one part Port- 
land cement and one part sand, to cement the parts 
together. 

Arches* — The concrete for the arches shall be started 
simultaneously from both ends of the arch, and be built 
in longitudinal sections wide enough to inclose at least 
two- steel ribs, and of sufficient width to constitute a 
day's work. The concrete shall be deposited in layers, 
each layer being well rammed in place before the pre- 
viously deposited layer has had time to partially set. The 
work shall proceed continuously day and night if necessary 
to complete each longitudinal section. These sections 
while being built shall be held in place by substantial 
timber forms, normal to the centering and parallel to 
each other, and these forms shall be removed when the 
section has set sufficiently to admit of it. The sections 
shall be connected as specified above, and also by steel 
clamps or rib connections built into the concrete. 

Steel Ribs, — Steel ribs shall be imbedded in the con- 
crete of the drch. They shall be spaced at equal dis- 
tances apart, and be of the number shown on plans. Each 
rib shall consist of two flat bars of the sizes marked on 
plans. The bars shall be in lengths of about 30 ft., thor- 
oughly spliced together, and extending into the abutments 

♦ The arch rings are also made in the form of voussoirs so as to symmetrically 
and uniformly load the falsework to prevent its unsymmetrical or excessive dis- 
tortion. 
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as shown. Through the center of each bar shall be driven 
a line of rivets spaced 8 inches c. to c, with heads pro- 
jecting about I iach from each face of bar, except through 
spHce-plates, where ordinary heads will be used. The 
bars shall be in pairs with their centers placed tw^o inches 
within the inner and outer lines of the arch respectively 
as shown, AH steel must be free from paint and oil, 
and all scale and rust must be removed before imbedding 
in the concrete. The tensile strength, limit of elasticity, 
and ductility shall be determined from a standard test- 
piece cut from the finished material and turned or planed 
parallel. The area of cross-section shall not be less than 
i square inch. The elongation shall be measured after 
breaking on an original length of 8 inches. Each melt 
shall be tested for tension and bending. Test-pieces 
from finished material prepared as above described shall 
have an ultimate strength of from 6q,ooo to 68,ooo lbs. 
per square inch, an elastic limit of not less than one*half 
of the ultimate, shall elongate not less than 20% in 8 
inches, and show a reduction of area at point of fracture 
of not less than 40%, It must bend cold 180 degrees 
around a curve whose diameter is equal to the thickness 
of piece tested without crack or flaw on convex side of 
bend. In tension tests the fracture must be entirely 
silky. (Engineering Record, Aug. 5, 1901.) 
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Table I. 

PHYSICAL PROPERTIES OF STONE AND CONCRETE. 

BUILDING STONES. 

C" Ultimate crushing ttnength in potinds per square inch. Test Specimens' Cubes. 
/?« Crocs-bending fiber stress in pounds per square inch. 
5— Ultimate shearing strength in pounds per square inch. 

#— Expansion per degree P. Determined Wet. 
£— Young's modulus in pounds per square inch. Compression. 

r— Limits between which E was determined. 
H^" Weight in pounds per cubic foot. 
Compiled from Tests of Metals and Other Materials, etc. made at Watertown Axvenal, Mass. 
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Stone " " " * * . 
Tmy. N, H 



Mflin*- -■ *■- 
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TABLE I.— PHYSICAL PROPERTIES OF STONE AND CONCRETE— (C<m/ffi««0. 

SANDSTONE. 



Color, Name. Source. cICp 



C 



R 



E 



Blue, 



ligbt Red, 

Red. 

Ciay. 

Brown, 



Brown. 



Red. 



Nenr Ft. Smith < Seb&stiiLn Co., Ark. , 
Cabin Creek, Jobnscm Co.. Ark, ..... 

jaiper, Ala 

Piedmont Uuftrry, nMJ Oakland, CmI ^ 
St* Vrain Gaflon. CoK. laminated* . * , 

Maxiitou, Cxj! 

Pi. Collins. CoL, Uminated. * * . * 

Trinidftd, Cul. . 

Portland (Middlaiex Quarry >, Conn*, , 



Portland, Conn,, j*t quality. . 

" jd *' . . 

■■ 3d *■ .. 
'* '* Bridge itone. 

Cromwell. Conn, * 

Bnunard Quarry Co., Conn. * . 
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>LE I.— PHYSICAL PROPERTIES OF STONE AND CONCRETE— (Cim/*iM««rf). 

LIMESTONE. 
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Bq*Uufi Gfc*n, Ky 
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fiowlicfl Green, Ky.. Oolitic^ » ^ 
Spring Ledge t Mt, Vernon* Ky, 
Kelly Island, Lake Zi^ 
JCftSQta, MUiD, . ■ - ■ 
WasejA, Dodge Co. 



J* 



Erie. 



CorthAge, Uoh,, Quality No. i. 



YuDzoenbal Flint. BulTalo, H. V, 
I»k- LaMqtte. Vt 



60 
61 

78 

ISO 

76 

I3t 

loS 
SO 
40 
IJ7 
161 

146 



17 



7J 



J 00 

IS 



4A4 

317 

110 



40 
9J 






147 



MARBLE. 



ilifeixnis* St. Joe, ScArcy Co, Ark,. 
x>lAtie. '* ** *' *' *' .. 
Marble HUl. G* 



Tate, G*-j Ci*pte Quirfry. , . 
** " Chcfokee Ouan-y, 
" ' * Etowah Ou^ff y- - 



* * ' * KenncAAW Quarry. 
LecQ^., Mau.. 



Faribault, Minn. ,-....«-..«...., 

Tuckflhoe. N. Y 

RichviLIe, Dekalb, St. L. Co., N. Y., 
Vermont r . 



lei Rutland, Vt. 



Dark. 



Sutherland Falls, Vt. 



Roche Harbor. San Juan Cd., Wash. 
finc>qualtttje District Wash 



lOJ 

"J 
Its 



US 



141 

t6o 
1*1 
178 

"5 

1J9 



J 63 

47 



I J 



14 
It 



*4 

El 



;i 



319 



aoa 
19J 



441 
441 



56a 
454 

441 
6J4 

J6i 



4J3 
Ssa 



83 
107 

5S 
41 

6g 

4^ 
*I 

78 

67 



66 

45 
6S 
7* 

t]6 



t-40 

10- JO 
1-40 

1-40 

10- JO 

1-40 
10- JO 

10-30 

10- JO 
10^ JO 



t6^ 
t6^ 

T70 

16S 

170 
1(18 



ro-jo' T7a 
1-40 

ID-IO 

1^40 

1-40 

1-40 
(-40 
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CONCRETE. 

The physical properties of concrete depend upon so many 
iable factors that it is useless to attempt to give more than 
woximate values. 

Mr. Edwin Thacher, C.E., has deduced formulas, based upon 
irge number of experiments made at the Watertown Arsenal, 
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showing the effect of age and composition upon the ultimate 
strength. Values according to these formulas are given below. 
For tests of concrete of all kinds reference is made to Tests 
of Metals aftd other Materials, etc., made at the Watertown Arsenal, 
Mass, 



Vltiuate St&emots Df Pounds pea SotfA&K Ikch* 



d 







Age. 






Mixtun, 










Remmrki. J 












7 Days. 


I Month. 


3 Mofithm, 


6 Month*. 


1 


I-I-3 


l60D 


s?So 


Jj6o 


4|oo 




i^»:4 


I4D0 


3400 


9«Q0 


3700 


S-i»oo — loor- 7 d*y^ 


»-34-5 


1300 


S31S 


a6ro 


J4DO 


5-jtoo- jj<s*; I taonik 


i-s-^ 


taao 


so 50 


3440 


J 100 


5-1&10-46C1S. J moatlu 


i-i4-7 


1 100 


i*TS 


aato 


sSoo 


S-4S>oo - 600 jr; 6 mmithi 


1-4-8 


1000 


1700 


108a 


3500 




1-5-IO 


Soo 


iSSO 


1510 


IQOO 


3r*-'pArts of uiid to oni ptrt 


i~6-ij 


600 


1000 


ID 60 


t^oo 


cement. 
5-u]iiroat* stf^figth fof li' 

inch ctjbea. 



£- Modulus of Elasticity in Thousands or Pounds fek Squas£ Ihcb 

{Osmplkd by E* Thacher.) 



J 





Afiic 7 Dayi, 


Ag 


e I Month. 


A«i: 


3 Months. 


Aee 6 Months. 


lfuctui«. 


lOO 

to 

600. 


leo 

IO0O« 


tooo 
to 

3O0O. 


tofl 
to 
fioo. 


100 

to 

1000, 


1000 
to 

30-QD. 


lOfl 

to 

600. 


too 
to 

JOO<3i. 


T&OO 

to 

3000. 


loo 
to 

boo. 


too 

to 

1000. 


fOC* 

t& 

3009, 


t-1-3 

l^»-4 

i'4-a 

1 — 5"IO 


3450 

aSSo 

3 3 30 


3050 
tojo 

1800 

I54« 


lis© 


3830 

96tlO 

3550 

=44^ 

JtOO 


»4SO 
tt JO 
1460 

ti4o 


igte 
1460 

13 30 


3500 
J670 

3970 

as J* 

3100 
[640 


it4* 
3160 

3650 

3 3 30 
1780 

1 jfjo 


3t30 
1160 
1080 

lAoo 


jSso 
16to 
^6 JO 

JO 90 
2430 
1810 


jj«o 

J*7» 

3S40 

3840 

I300 


*7« 

lite 










i'6-i J 








J 













These values are means of tests made upon 12 -inch cubes nmde 
with four brands of cement respectively, A statement of the data 
upon which the above tables are based is given in an article by 
Mr, E. Thacher, entitled Effect of Age and Composition on the 
Strength and Modulus of Elasticity of Concrete, Cefnent, May 190J, 
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EXPANSION OF CONCRETE. 

Prof. Pence gives 0.0000055 as the coefficient of expansion for 
one degree F. for 1-2-4 concrete composed of Lehigh Portland 
cement and limestone. With the limestone replaced with gravel 
the coefficient becomes 0.0000054. This makes the coefficient of 
expansion of concrete and steel essentially the same. 

WEIGHT OF CONCRETE. 

The weight of concrete will vary somewhat according to the 
materials iised and the methods of mixing. In ** Tests of Metals, 
etc.," for 1898, the weights of a large number of 12-inch cubes 
are given, the proportions varying from i-i to 1-4, with 33 and 
40 per cent of the stone used as mortar. The mortar was made 
•*dry," 'Aplastic," and **wet." The weights per cubic foot ranged 
from 138.9 to 143.7 potmds. For all ordinary purposes 140 
poimds per cubic foot may be used. Some specifications state 
that concrete shall be taken at 150 potmds per cubic foot. 

WEIGHT OF FILLING MATERIAL. 

This will vary according to the kind of material and the 
method of depositing it. For average conditions, when the span- 
drels are filled with sand or gravel, 100 pounds per cubic foot may 
be assumed. For gravel deposited in thin layers and rolled, some 
specifications state that the fill shall be taken as weighing 120 
pounds per cubic foot. 
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Table 
bata for about 500 arch bridges 

MASONRY 



1 


NaiB«> 


PlaCT, 


Over. 


Date. 


En^meer. 


9 
1 


I 


Tafl V»lc ViiMi. 


Near 

Quaker's Yaitl, S. Walts 


Tall R. 




Brunei 





a 


Qucretaro 
Malaunay 


Nt-ar QuBr<;taivj. Me^dco 
MtarRuuen. Frante 


ValJey 


1726-35 


An ton k Avana 


'i 


J 


Malatjnay VaL 


(84^-44 


Locke 


4 


MuHnolLa St. 

L. Juniata No. 8 


Elizabeth, N. J.. U. S. A. 


Magnolia St. 
L. Juniata R. 


1894 


BrriWTi 


1 


S 


Penn.. U.S.A. 




Brc^vfu 


H 


6 




Morpeth. England 
WadbingtonTD, C-, U . S. A. 


\¥an*bLck R, 


1831 


Telford 


a 


•j 


Mass. Avt. 


Rock Crk. 


J90&-1 


DuufflaA 


a 


I 






CtkR. 




R«fiiue 


r 
t 





Chateau Thierry 


France 


Mame. 


J7S6 


Pbmnet 


i 

y 


lO 


Cbarks 


Nuftmburg, Bavaria 




iS47 




4 


tt 


Stamicca \vid 


Nf.Lancsburo,Pa.,U.S.A, 


Siamicca Crk. 




III 


11 


Pout N«uf 


Paris, France 


Seioe R. 


1578-1*04 


Ceroeau and 
Mttftbaad 


1 


ij 


Eon 


Wildbad. Gtnnany 


Bna R. 


i»S« 


Leibbraod 


1I 


*4 


f iMit au Chanae 


Paris, France 


Seine R, 


ieiv~47 




f 


:i 


Gomt St, 


Rochester, N. Y., U,S.A. 


Geneaec R, 


iftoi 


McOintoek 


1 


ir 




R-^chfifitcT. N. V.,U. S.A. 








4 


li 




Bet. Norwood-Bromley, 


Lon* Croyiloa 




Gitiba 


'] 


fO 




England 
B^le, France 


Ry. 

Doubs R_ 


1 760*64 f 


Guerel 


A 


to 




England 


Mouse R. 


1 8a a 


Telfijnl 


^\ 


ai 




Qien, Ffiuice 


Loire. R, VaL 


i%m-^ 


Lethicr 


7» 


ij 


Dinan Viad. 


Dman, France 


Ranc« R. 


1*45-50 


Pessard 


l« 


*1 


Guain 


Bet. Difipm and Mains- 

bray, Prance 
N. of Turin, Italy 


VaUcy 


jSffo-fl^ 




|l 


14 


Stura 


Stura R. 




Bella 


f 


*S 




Montaherie. Italy 


PoR. 


1849 


Sarbavmia 


f 


i6 


Di^in 


Digoin, Fratice 


ValkF 


Changed 
1 H^jo^((i8 




It 


37 


Roquef^vour 


Vic. of MafseiUi9fl> France 


Arc R- and VaL 


1841-47 


deMoatri^ef 


11 


aS 


StrasbouTsh Sta. 


Pan*, Franc* 


Slatifm Platform 






i 


»g 


Croydon 


Kear Croydon^ Bngljind 


Lon.* C. Ry. 




GlblK 


r 


10 


Ahattoir St. 


Paris, France 










^i 




Nemijurs, France 


Loing R. 


1805 

t40<5t 


Pemoet 




J> 




Stirling. Scotland 
Mofet, Prance 


Forth R, 






JJ 




Lciing R. 


1771 


PtrRMiet 




14 




Moulins. France 


Ailifir R. 


i75S-Afl 


R^mm&rUM 




J5 


Park St. 


Hartford, Conn.. U.S. A, 




180S 


Grmvei 


11 


36 


Pathhead 


Patbhead . Scotland ^U .S,A, 


Tyne R 


tSio 


Tellord 




U 


Mill Cnck 


W, of Bird-in-Hand. Pa.. 


MUl Creek 


iB^Q-ijto 


Brtjvm 




L. /unjala Kci^ ij 


r mi. W, tif T>TOTi«f, Pa., 


L. Jyniata R. 


]&97-^j 


Bfown 








U.S.A. 








,__ 



RlMAftKiS. — t. Picra 14" octa^n. On curve. Skew 40°, ijao 
Ay. •75*-**'- 1- Found. up<iiY piles. 4. 4 tracks. Intradna to " 
EKv* Penti. Ry. 7. Sk«w 17*. Cost Sr.i^.ooo. tr* 1 trackii^ 
flt W. ij. Repaired t886. ti. Middle id joints at enowrn 

(8. Ribbed &kjcw. jo. H.— 1^4.5 "^^ * "' 



Piers hollow. 



Radius. t. Max, ^J^^i 
ue of rail, 5^«. S^ Mid% , 

^*«.,.^ ,^J ipriaKing fiUeil will* Iw 
Approttebea to metaJ titaaA, 



HaidmiifR. ^J 
Max, a **4f ■ 

Jeil wltti ^' V 

IlL tl. Hit- ^ 
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II. 



ARRANGED ACCORDING TO SPAN. 
ARCHES. 







9, 






In 


J?. 


'^A 












Span. 




1^' 


1 


TT 




|L 


Mfttcfial, 


CUasof 
Bridge. 




Refertnce. 


i 


50.0 


25.0 






c 


iS-o 




14.0 




Blut Grit 


Ry. 


A. 


Mardi^ 1850 


X 


50.0 




















Aqued't 


B. 


June a, 1888 


2 


So.o 


as.o 3.1 


3.t 


c 


38. 5 


.134 


37 J 


a.g 




C. 


itfSi-a 


S 


So.o 


7.4' a.H 


IS 


c 


073 


so.o 






S''^ 


&" 




4. 


so.o 


la.s 
















Ry. 


E. 




5 


•so.o 


>5.o; 




E 


48.0 




31-5 


S.o 






F. 


■ 8sf, p. apo 


6 


so.o 


as.o 3.0 


> 


Ca 


as f 


.150 


aoo. 




Brick 


H.W. 


B. 


Dec. 25, 1902 


7 


50.0 


6.6 I, J 




C 














S, 




& 


46.0 


5.9 to 












8.0 & 












3Q.O 


4.9; J.o 












7.6 












51.0 


17.0 4.0 




£: 














Woodbury. 1858 


<» 


Si.i 


^>6.o| 4. J 




£ 


37. a 


.115 


tg.a 


.3.8 1 




H.W. 


F. 


iftSJ. p. 278 


lO 


Si.o 


tao.O; a. 5 


a-S 


C 


a6.3 

as* a 


■09s 


J4.» 


7.0 


Sandstone 


H.V 


B. 


SeiJt. I. 1888 


II 


•51.1 


ai.9, a, J 


3.6 


c 


.o8g 


73-5 






G. 


iSoi. p. 887 


12 


51. a 


10.7 1.6 


J 9 


t' 


J5.9 


■04i 








H.W. 


G. 


1801, p. 918 


I^ 


51. a to 


as. 6 S.J 




c 


JS.6 


.307 




t6.o 




H.W. 


F. 


i8S3» p. 376 


14 


JS-a 


17.6 






















15 


•sa.o 


ao.s; 




c 


a6.T 




?a4-o 


G.o 




H.W. 


B. 


Feb. 2, 1803 


I^ 


•52.0 


10. 0; a. 5 




c 


38. a 


.064 






Limestone 


A^d^t 


H, 




»T 


Sa.o 


tia.o 


a, 3 


a. J 


c 


J4 » 


.067 


tio.o 




Brick 


C. 


1*53-6 


i& 


Sa.o 


17.5 


%.% 




£ 














I. 




19 


sa.o 


a6.o 






£' 








a.s 




H.W. 


F. 


iSst. p. 197 


20 


Sa.5 


a6.3 


3 


3,3 


Cj 


aO.j 


■ tM 


17.7 


33 




Ky. 


G. 


VI. 1893 


21. 


S^S to 


17.5 


























4a. 6 


14. a 


























•sa.S 


26. a 






Cj 


2fi,l 




13.1 


fi.i.i 




H.W. 


G. 


j8ABi p. 363 


22 


Sa.5 


23 


3^6 


J. 6 


3C- 


30.7 


.117 


Jl.fl 


ro.o 




Cuial 


G. 


1899 


ai 


sa.5 


51 


J.O 




£ 


1 a . 7 


.043 


JS.i 


g^s 


Brick! ?) 
Brkk 


H.W. 


F. 


tSsi, p. 296 


a« 


S^S 


13.6 


3,0 




r 


3J T 


.(>03 


29. 1 


7^!t 


Rjr. 


P. 


1852. p. 296 


M 


sa.5 


23.0 


3* 


3 9 


%c 


JO -7 


.la; 


P 8 




CAtm] 


F. 


t8s»- p. a86 


sa.5 


26.3 






Ca 


f6.3 










Qmal 


A. 


H*SSpP- 65 


ar 


40. a 


^i-^ 


3 3 






a+.& 


134 
















16.4 


8.2 


3.4 






8. J 


















•5a. 7 


50 


30 




^ 


71.6 


041 


43.6 


8. a 


Miire Grit 


H.W. 


P. 


[8^2. p, 296 


2S 


53.0 


12. 


3.0 


3.0 


£ 






?ao.o 




Brick 


H.W. 


C. 


i8S!-6 


29 


53.0 


5.1 


30 




C 


71 ,3 


.04* 








H^... 


I- 




30 


53.0 


3.2 


3.2 




C 


99 r 


.03i 




64 


Freest c^e 


P. 


tSsJ* P- a86 


31 


S3.0 


10.3 


>.8 




C 


J9 ' 


.071 










L 




3» 


53-3 


6.1 


4 3 




c 


Ojj 


.07J 






Freestone 


H.W.? 


k 




3J 


53-9 


21.3 


3. a 




E 






34.0 


ia.8 




H.W, 


i«S3, p. 276 


34 


540 


7.3 


3 3 


4i 








70,0 




Brick 


H,W. 


B. 


Jan. I J, 1899 


35 


54. o& 


8.0 












a4 


B.Q& 




H.W. 


F, 


1S5J, p. 195 


36 


50.0 


25.0 














4.0 












54.0 


13. 5 


a*7 


a. 7 


€ 


33 7 


.Og] 


j2.0 






S^' 


E. 




37 


54 


13.5 


1. 3 


■ 1 J 


C 


JJ 7 


.095 


49.4 






Rv. 


E. 




38 



t About. 

H. ■■i3o'.5. Nat. Route No. 176. 23. Max. H. = 39'.4. 24. Route Turin-Milan. 25. Turin- 
Genoa. 27. 3 tiers of arches. Max. H.='a7i'.o. 29. Ribbed skew. 35. Stone facing. 
36. Max. H. — 75'.©. The S4'.o spans are under roadway. 37. Three tracks — 1° curve" 
38. 4 tracks. Mid. Div. Penn. Ry. ribbed skew. 
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TABLE 11,— DATA FOR ABOUT 500 ARCH BRIDGES 






MASQHRY 


1 i 


Kamt, 


PUce. 


Over. 


Date. ! 


Engineer^ 




1 1 












H 














^H 


KMmet 


Near CaversharPp EnBland 
Moftocacy, Penn,. U.S-A* 
Concord, Mass.. U,S.A, 


Kennct R. 








^H ' 


McmocAf )^ Vi*d. 






£55'= , 




^H 


NashawtTJC 


Sudbury R. 


iSaj 


Wheekf 




^H 


CHietoinp 




RieneroB R. 


1 770-90 


Ganpiiy 




^H 


Big CbTusstoga 


E. of Lancaster. Pa. .U.S. A, 
Bflt, Berwick and Edin- 






Brown 




^H 44 


PblkB 


Deep Dingle 




HendencHi 








buTifh. Scotland 










^■^_ 45 


Oder 


Kiinnersdurf, Sojtony 


Oder R. 








^^K 46 


Bacbthal 


Dtrtnitit( Saxony 


Bach R. 


JS44-S 






^^^^E 47 


Dauphin 




Romancbe R. 


ia43-4 


Pmi* 




^^V4i 


Cao£» 


Pranct 


Beauvuir Ravine 


1S45-47 


Cunit 




^^^^ft 49 




Lobau. Saxony 


Spree R.? 


1S4S'4^ 






^^H ^» 




K6ni^st«in» Saxony 










^^^^ 5' 


Sprcethal 


Saxmiy 
Newneck, Germany 


Sprue R* 


1845-46 






^1 




Glait R. 


tsae 


Leibbrand 




H 


No. 2» 


a 6. 5 m. PittsburiEp Pa.. 
U.S.A. 


Raccoon Crk. 


is*7-afi 






H 


Wa^hmfftddi 


Mew York. N. Y„ U,S.A. 


Harlem R. 


f8*6-Sg 


Hiitton 




H 


N6ti% Danle 


Pans, France 


Seine R. 


IJAt 


Jacoiule 




1 




Chateau Thierr>, France 


Ma me E. 


176s 


P^StTonet 




1 ''' 




Pontlk'u^ France 


Huistne R. ? 


111! 


Vogiie 




Gfavaot 


Prance 


Yonne R. 


I7&0 


Ad wine 




^1 


EempoalA Afi. 


; m. EDuth of Huatuchm* 


Valley 


I55J-70 


Tcmbleque 


U 


H «o 


Monford 


angp, Mcxici> 
England 


Severn R. 


irpo-nj 


Telford 


1 


H 


Johnstown 


Johnstrjwn. Penn-p U*S.A. 


Conemaugh R. 


tBB5 


Brinvi*n 


J 


H 




L!anrtt-»t. Walei 


Con^'ay R. 


f6M-5* 


inigo Jonea 
Latmbe 


t 
-1 


■ «.i 


Cimjlton Viad. 


Nr. BaUtmon^Md.. U.S.A. 


Patapsco R. 




i 


■ 


jamaicm St. 


Glaagaw, Scotland 


Clyde R. 


TeJfofd 


t 
t 


H 


BHvcs 


Prance 


Loire R. 


1773 


Gi'angent 


1 

s 


^H 


ToumeUe 


PariSf France 


Seine R. 


16^0-56 


Mane 


« 


1 


Mam 


Paris, France 


Seine R. 


l6j5-S* 


Marie 


4 


H 


Aelitix 


Rome, ItaJy 
Near Paris, Fnnce 


Tiber R. 


ijfi 


Hadriafi 


r^ 


■ 


S^vrrs 


Seine R, 


I Sao 


Beaupra 


* 


^1 ^o 


llahi»my Ave. 


Elisabtih. N. J.. U.S.A. 


Rahwav Ave* 




Brown 


1 


H 


WMhin^ton 


New York. N. Y.. U.S.A. 


Harlem R. 


ifiS6-So 


Huttnf* 


» 


■ 


Inyenhiiitti 


France 


Tech R. 


IT7 3 


Chnchafnp 


»j 


^1 


Trentcm 


Near Tren t r«i , N . J . . U .S. A. 
EJyria, Ohio. U.S.A. 

J 


Delaware R. 


igoj 


BrowD 


,4 


■ 


US.& MS. Ry. 


W. Br Black R. 






1 






• Maximum. 


I 


^V Rbmabks, — jg. Sice 


w. S. £. Ry. Co. 4^, Chesapeake & Oh 


Q Cana]. 41, Gnaniie 1 
LobBu~2ittau. H.<»At./i, 
so. Prague- Dresden, H.*. 


TV4«^| 


H Pil*» found. H.-soj 1 


Penn. Ry. 44. Max. H. - 1 14 '.0. 45. 


4«rfl 


-735. 4g. Saxony-Silesia. H,-gs'.o. 


l£^1 


66.^. 5 J. Sheet -lead " Hinat^/' 3. ^j^ 
pant. 5*. See No. g. sg. Waterway S 


J tracks> Rail 17'^ 5 abovf 
k"Xi3". H.-i»4U. Oil 


^1 «4. Approach to nutal « 


T^^l 


■ 




» hiaheat, 6j. Skew* ss*. Ribbed. Stc 


tod through Jotifutoim F\ 


fled. " 

1 
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ARRANGED ACCORDING TO SVAi^^Continued). 
ARCHES. 







^^^ 










<, ** 


**• * 












Span. 


Rise. 






1 


p 




ss<5 


D ^ 


MatermL 


Class of 
Bridal?. 




Refentncc. 


*i 






(S 


< 


3 






s 


£ 










£ 


•S4 e 


ti .0 


3.6 










^^4.0 




Brick 


Ry. 


K. 


Dec. 30. 1&9S 


3» 


SA'9 


90 


3-S 




£ 


JO.D 


.030 








Canal 


L 




40 


54. o 


«.o 


I. a 


t.9 


C 


<ij.7S 


.oig 


»5 P 




Gmiite 


H.W. 


W 


m. \\Ti«ier 


4t 


54 S 


17.1 


1,1 




E 








13 S 






F, 


ii5?. p. iSo 


4* 




a7.J 






Cs 


=7 3 










l^. 


E. 




4S 
44 


•35 a 








£ 








7-4 




Ry. 


P. 


i8sa, P- 339 


4$ 


si.S 


?y 






£* 


37.8Sj 




9,3 




Ky. 


F. 


1853, p. a 16 


46^ 


55.8 


»7.g 


^.o 




Cj 


37^8&LlD« 


19*7 








F. 


1853, p, agj 


4T 


ss a 


*7.9 


S't 




£^ 


^7 


.111 


19.7 


4 9 






R 


tSs3, p. 3«X 


4* 


55. S 


>7 9 






Cj 


^7.0 






9-5 




Ry- 


F. 


iS|3, p. 333 


4^ 


JT.fl 


1B.9 






£ 










Brick 


Ry. 


F. 


tBsa.p. 33S 


SO^ 


•S5.S 




























•55 a 


a?. 9 






Ci 


37*9 






IS 8 


Stone 


H^fr. 


F. 


1853, p, 338 ! 


51 


c-C55^« 


c-co.a 


tt^o 


t*.o 








ij-i 






G. 


f^t^i, p. gao 


Sr 


5&.<i 


38. 


j.o 




Cs 


38,0 


,108 


I07-O 






Ry. 


D. 




51 


sd.o 


14.0 


3,a 


3.e 


E 


S5-S 


.036 


ao.s 


ti3.- 




H.W, 


WAshineton Bridael 
by Hut ton 


54 


5* 7 


15-0 


5-3 




Ci 


aa.4 


.IS? 


77^4 


JJ.8 




H.W. 


P. 


iSsa. p. a 74 


5S 


tOJI.B 


























ST 5 


t«.i 


4* 




f 


4*.5 


.096 


35 :»• 


144 




H.W. 


F. 


tH»f P- 3*0 


S6 


Sl.T 


17.1 


i:J 




£ 






35-3 














57-5 


ii 5 




£ 


43.6 


.oSfl 




13.8 






F. 


tasi, p. 383 


?5 


ii^i to 








£ 


45. a 


.093 




13.8 






P. 


1B53, p. ^So 


SJ-9 


Ji,i 


4-3 
























•5*.P 


.9.P 






Ci 


ig.o 




4.7 






Aqued'l 


B. 


Julyj, iSSa.p. J 


5(> 


58. P 


a».5 


5.0 




E 






24-0 


u.o 






F. 


j8ja, p. ?S4 


60. 


50, D 


10. D 


























5«.P 


MS 


* 7 


4-7 


C 


36.3 


075 


48.0 


&.b 


Sonditonfr 


Ry. 


B. 


July flo, x8ftQ 


6r 


40.0 


t4 S 


1.7 


»-7 


C 


11 .0 


135 


48.4 








E. 






*5S,o 


17 C5 


1-5 




P 






14 


to.o 




H.W. 


L. 




6r 


5*. 3 


jg.j 


* 5 


*,5 


Cj 


3».a 


.085 




10*0 


Granju 


^.^. 


I. 


.P. rasa. p. 3J7 


6^. 


S«.| 

57.8 


10. S 


i 5 




C 


41-7 


.fl5^ 


40.0 






F. 


l8j3^ p, zpo 


64 


10. s 


























5S S 


S^^ 


























5».o 


S.:j 


























*SS.6 


96.6 


J'3 




B 45. a 


,fl6l? 


so* 


It 7 






F- 


1853, p. iSo 


^ 


S«.7 to 


19 s 


S-4 




Ca 


iv.a 


.3*1 


53-3 


13, S 




H.W. 


F. 


1853. p. 37tt 


44. a 


ja.4 


























sa.7 to 


sfl.S 


4-3 




Ca 


»0.3 


■ 47 


77.7 


11.7 




H.W, 


F, 


tSsi. p. 376 


67 


44. H 


31.4 


























59 <? 


19 5 






€3 


ag.5 




+335 


taj.o 


Trmvert'e 


H.W. 


M. 


Peb. iS. tSg^ 


«a 


s« 


a9.5 


3^3 







39 S 


.in 


4t.6 


12. J 




H.W. 


A. 


April, 1847 
1853, p. 33a 


69 


i«.4 


a. 3 




















P. 




54-3 


■08 


3*a 


3.1 


C 


50. fl 


.d6j 


6j.2 






H^^. 


D. 




7*» 


59-7 


3.0 


4 5 


Ci 


i*.s 


.0O7 


80. S, 






S« No. 34 


7t 


SW-7 ttJ 

IS:; 


11. J 


3 a 




£ 








S.J 






F. 


i8ja, p. 983 


7» 


l*-o 


.1.3 


3^3 


c 


43.5 


nP^fi 


51. P 


8,Q 




?^- 


B. 


Jan. .10, TOO* 
June S, iSgo i 


73 


60.0 


30. a 


9.0 




c» 


JO.O 


-067 


tJ. 3 






Ry. 


N. 


74 




















iutd^isae 











t About. 
6a. On 4i* curve. Arches Cyl. H. — 66'.o. 64. ist Bridge by Mylne. 1768-73 called New Jamaica 
St. Bridge. Old Bromielaw Bridge. 68. Originally 8 arches. 5 now buried. To give access to 
St Ange Castle. 60. Paris -Versailles. 70. Five tracks. Ribbed arch Skew 45* 44'. Pa. Ry. 
N. Y. Div. 73. Two abut, piers, aa'.o. Skew* 71" 30'. 74. Twin arches 4'.3 apart. Two 
tracks. L. S. & M. S. Rv. 
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TABLE II.— DATA FOR ABOUT 500 ARCH BRIDGES 

MASONRY 



I 

75 



76 
77 

7« 
Si 



.86 
*7 

S8 



Name. 



Dee 

S. approach Voyne 

Viad. 
Muddy Crk. 

W. Jersey St. 
Kennet 

Staines 

Ballater 
Stirling 



Richmond 
Alness 

Anker 

Dutton Viad. 
Holy Cross (old) 
Kingston 



^1 

•96 
•«7 

•98 

100 Congleton Viad. 

loa Tweed 
«t>3 



Conemaugh 

Ben's Creek 

L. Jiuiiata No. 7 

Big Chiqucs 
Big Viaduct 
L. Conemaugh No. 6 

Chestnut St. 



<o4 
«05 



X06 
107 



Gdrlitx 



W. Grand St. 



Place. 



Minneapolis, Minn. U.S.A. 



Val. Llangallen. Wales 
Drogheda Ireland 

Addystone O. U.S.A. 

Elizabeth N. J. U.S.A. 
Near Caversham England 

Staines. England 

Ballater. Scotland 
Stirling. Scotland 



Richmond. England 
Alness, Scotland 
Warfield. England 
England 

England 

Feldkirch. Austria 
Kingston England 



Saumur. France 

W. ot Ben's Crk. Penn.. 

U.S.A. 
Lilly-Portagc. Pa.. U.S.A. 
I m. E. Schoenbergcr's 

Penn.. U.S.A. 
Penn.. U.S.A. 
Viad. SU.. Penn.. U.S.A. 
E. of L. Conemaugh. Pa., 

U.S.A. 
Philadelphia. Pa.. U.S.A. 
Bewdley England 

ConRJeton England 
Ratisbon, Germany 
Berwick England 
Charmes. France 

Kew England 

Near Gdrlitz, Silesia 



0\-er. 



Mississippi R. 



Dee R. 
Bojtie R. 

Muddy Crk. 

W. Jersey St. 
Kennet R. 

Thames R. 

DeeR. 
Forth R. 



Thames R. 



Weaver Val. 
III. R. 
Thames R. 



Date. 



Engineer. 



Dole France I>)ubs R. 

Elizal)cth. N. J U.S.A. W. Grand St. 



Arm of Loire R. 
Conemaugh R. 

Conemaugh R. 
L. Juniata R. 

Big Chiqucs Crk. 
L. Conemaugh R. 
L. Conemaugh. R. 

Schuylkill R. 
Severn R. 

Dane R. & H.W. 
Danube R. 
Tweed R. 
Moselle R. 

Thames R. 

Ncissc R. & Val. 



1851-67 

ti8Q5 

i8q - 
ti840 

i7q6 

x8oQ 
i82Q>ja 



X 774-77 
18x6 
1846 



Macneill 

Kittrcdge 

Brown 
Brunei 

San by 

Telford 
Stevenson 



Pa>'ne & Couse 

Telford 

Grainger 



Stephenson 

nth cen.? 
i8as-a8 Lapidge 



1756-64 
189ft 

1806 
x88o 

1884 

i88q 

1889-00 

1861-66 
1797-9 

1839- 

1847-50 
1740 



1844-47 

1760-64 
189- 



Voglioft Cessart 
Brown 

Bmwn 
Bruwn 

Brown 
Bnjwn 
Brown 

Kneass 
Telford 

Stevenson 

Stevenson 



Gueret 
Brown 



♦ Maximum. 
Remarks. — 76. H. "■147.6. Intrados to raiI^6'.T. Shrewsbury-Chester, stone facing. ^^. 
Api)rcach to meUl spar.s Av. H.-90'. 78. Big 4 Ry. 79- Pa. Ry.. N. Y. Div. Skew 6o*. 
Riob(d 80 Great Western Ry. Co. 81. Qoscd 1797 on account nf poor fotmdatinn. 

St4. Ciea* headway abfjve L.W.-a5'.o. 86. Lecds-Thirsk. H.-90'.o. 87. 8x6' long. 88. 
Orand June. Ry. H --73'-o- S9. Replaced. 90. Found, upon blue clay. Kingston-Hampton, 
-v^ck. 01 A. 1856, p. 376. Foimd. upon piles. 9a. Pa. Ry. Pitts. Div. roxir tracks. oj. Pa- 
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ARRANGED ACCORDING TO SPAN— (C^wi^wMtfrf). 
ARCHES. 







^»^ 










CLnlJ 


'*' . 










Sfsan. 


Rise. 


s c 

|i2f 




1 


^fj 






oc 


Material 


Class of 
Bridge. 


Reference. 


1 

55 


6e.o 


IJ.O 






c 






40.0 


a.o 




H.W. 


N. Nov. 23, 1895 


75 


S7^o 


Mi 
























54. 


1J.5 
























60.0 


10. D 






c^ 


30.0 




*?.« 


tj. r 


Brick 


Ry. 


F. i8<a, p. 156 
A. Julyi8si,p.384 


76 


6e,o 


JOO 






Ca 


30.0 










Ry. 


77 


fto.o 


IJ.O 


J.o 


J.O 


€ 


43'S 


.069 


3&.0 


IP.O 


Berea 


Ry. 


Blue 


78 


ss-o 


13. 


J.o 


JO 


C 


iT^S 


.oSo 






sandstone 








^.* 


^5 


J J 


1-5 


C 


ja.i 


ott? 


St .0 






Ry. 


D. 


79 


6e.4 




J.O 


4-5 








?36.P 




BricW 






80 


la.o 




1- J 


1 -5 












Brick 


H.^. 


K. Dec. ao, 1895 




*o.o 
















S.o 




K. Sept. 13, 1895 


81 


j]^9 


























60.0 


















Granite 


H.W. 


C. 1855-56 


8a 


6d,d 


ij.S 


i.B 


JS 


€ 


40*0 


.070 


?3J.8 


fl.O 


Gfleenat'e 


H.W. 


C. 1855-56 


83 


iH.o 


13.5 


J. 8 


J'S 




JB.6 


.^1i 






from ntar 








5J S 


IP. J 


i.S 


i s 




jg.8 


073 






Stirlinir 








•6&.* 




















H.W. 


K. July I a, i8q5 
P. 1852, p. a88 


84 


fto.o 


»o*o 






C 






as.o 








85 


dci.o 


JO.O 
















Brick 


Ry. 


P. 185a, p. 169 


86 


6q.q 














Jf.o 




BrickRiDf 




P. 1852. p. 188 


87 


j«.o 


























*q.P 














30 -e 






H.^. 


A. 1837, 8, p. 185 


88 


60.0 


30.0 






Ca 


10.0 




?JX ,0 






0. June 1898 
A. Dec. 184a 


89 


60. & 


IOhO 






E 






?JS.o 


tip.o 


Brick 


H.W. 


90 


S6.0 


iS.j 














?>. J 


faced with 








S*.o 


ifi,S 














a. 7 


stone 




K. July a6. 1 895 
L. F. 1853, p. 376 




•te.o 


fi .0 






E 


55-4 


.0S7 


44 7 


12. a 




H.W. 


91 


60. Q 


^D.O 


3.0 


30 


C 


33 S 


.oga 


S3. 5 






Ry. 


D. 


93 


60,0 


20.0 




3*0 


c 


3»S 


,Ciga 








5>- 


E. 


93 


fio.o 


Ij.O 




3-0 


c 


3? 5 


.oSo 


j6.6 


7-0 




Ry. 


E. 


94 


60.0 


IJ.O 




>.« 


c 


37 5 


.075 


IT P 


tia.o 


BrickRiufif 


gy- 


E. 


95 


«o.o 


30.0 




a? 


Ci 


30,0 


.ogo 


36.5 


S.o 




Ry. 


E. 


96 


60.0 


10,0 




JO 


c 


J».5 


O^J 


t4l.O 


7.0 




Ry. 


E. 


97 


tio.e 


iS.o 






c 


34 hO 


-074 






Brick 


H.W. 


I. 


98 


6a. 


18.0 






c 


34 'O 


.OSO 


3S.O 


So 






I. L.'.F. 185a p. a84 


99 


51.4 


16.0 
























6Q.g 


as, a 






c 






31 .0 




Brick 


H.iv. 


A. 1839. p. 444 


100 


Oo.a 


10.4 






Z' 


30.* 


.105 


^lA 


»p J 




P. 185a. p. a74 


lOI 


Gi,^ 


jo.S 






Ca 


30 a 






S'3 


Brick 


H.^. 


P. 185a. p. 155 


loa 


61. S to 


10. g 


4- J 




Ca 


30.9 


IJ* 




17.1 




P. 1852, p. 276 


103 


34. 1 


ij.i 
























6i,S t^ 


10.9 






c« 


jo.g 


,087 




S.5 






P. 1852, p. 282 


104 


3S.4 


EQ^ J 
























61. S 1 


JO. 9 






Cj 


fp,6 








Red Grtm. 


Ry. 


P. 1852, p. 215 


»o5 


4J.3 


10.6 






















JO -9 


t5.S 








tS S 
















M 8 


lJ-4 








i».4 
















ei.B t^ 


JO. I 


4-3 




















106 


JI .a 








5 


44-7 


.D1^6i 






t T - J to 




F. 1852, p. 280 




A» 


fl,o' 3.6 1 


J. 6 


c 


■ J7,« ^o6a 


Si.o 




jo.7 


Ry. 


D. 


107 



t Ab ut. 
Ry. Pitts. Div. 



94. Ribbed. Skew . 



Three tracks. Pa. Ry. 95. Pa. Ry. Phila. Div. 
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TABLE IL— DATA FOR ABOUT 500 ARCH BRIDGES 

MASONRV 



1 


Kiu»e. 


Place, 


Over. 


Dtaie. 


Engineer, 


j 


loS 


HolyCmsstnewJ 


Feldkirch. AuBtria 


IIIR, 


iS^S 






IS^ 


St. Angeld 


Rome, Italy 


Tiber R. 


T3S 


Hadrian 




tio 


Bftfton Aq* 


Wonley. England 


Irwell R. 


17ftO' 


Brinldev 




III 




Alhlone, Ireland 


Shannon R. 


■S44 


Rhodes 




1*1 




Mirepoix. France 


UtsR. 


1776-fle 


Garipuy 




IfJ 




Frouard^ France 


Moselle R. 


nsa 


Le Creuix 




114 




Fertrf. Prince 


Mame R* 




Pitftni 




115 




Motit^limat-, France 


Rtinbion R. 


iSg6 


VoHlic 

M. Rusticut 




ii6 


Actiiis 


Rotne, lUly 




iji 




117 


Ne«f 


Parit, Prance 


Seine R. 


i57S*t«04 


chwid 
Luweth 




iiS 


Rock River 


Watertown. Wis., U.S,A. 


RockR. 


ipei-01 




119 


Coldstream 


CoMstream, Scotland 


Tweed R. 


I77i- 


Sme^Um 




JSQ 


L. ConeniAugh No. 3 


Summefhill, Penn., U.S.A. 


UCon^R, H.W, 


V1S7 


Broivn 




lai 


h. Omcmjiuxh No. a 
Stockport VikJ. 


Penn,. U,S.A. 


L. Conemaugh R. 




Brown 




iMi 


Stocktjort, England 
Carlisle, Scotland 










iij 




Eden R. 




Smirke 




114 


Rivuina Aq« 


U.S.A. 






Ellet 


i»i 


Tevjot-Twecd 


Near Keln, Scotland 


Teviot R. 


1704-95 


BUiot 




tiA 


Houghton Rivvt 








Haak^ll 




<n 


Quioii 


Eogknd 


Conon R. 


tflo« 


TelfoftJ 




iiS 


Bobertlial 


Near Btinilau, Sileda 


Bober R, A Val. 








itg 


Cher 


FtTince 


QierR. 




BeaiMknuniUii 




130 


Scrjvia 


Italy 


Scrivia R, 


I A 50 


Perrarii 




iji 


Cinq-Mars i 


France 


Loire R. 


1845-46 


BailJoud 




13' 




Val-Benoiit, BelgiofO 




183J 






*SJ 




Furand 


Furand, R. 


tSj4 


Montluisant 




IJ4 




AuEon, France 


Vicnne R. 


i84fr-4T 


BeaudemDulin 




JJS 


CImnte-Perdrii 


France 






Lamothe 




M6 


Landwaaser V. 




Landwasser R* 


toot 






IJ7 


RatitAn River 


New Bruniwkk, N. J., 


Rahtan R. 


1 901- J 


Brown 




13* 


Kew 


Kew, Bnglmnd 


Thamet R. 


I7»0 


Pafne 




tj* 


Baw 


Stratford, Ensland 


LeaR. 


iSiS-JO 


WalloerA Bui^ 




140 




Near York. England 


Ousc R. 




J, ft B, Gfeenc 




141 


Motjtignac 


France 


V^TvR. 


1766-71 


TanSif 




>4< 




Lancaster* England 










t4S 


Bfis o'Balgcwikk 


Old Aberdeen, Scotland 


Don R. 


taSi 


Buhop Cbeyne 




144 




Horbury, England 


Ati%R. 


1775 


Clindiamp 




143 


Bellecour 


hyna, Pmnce 




17S9-18101 






14$ 


Viad. d* Aries 


Near d*Arie», Fnuice 


Valley 






ji 



4 



■ 



Rrm Jill Its.— 108. Replaced No. Se. tto. Removed for Manch. Ship. Canal. 111. Gni*! 
foundation. Q^ffer-dams used. H^ — (}S^t. 116. See Noa. 6R jtnd top. tr?^ Repaired ii4f-^ 

St^ jF arches built under the cirrular* See No. 11^ irS. C. M* & St, P, Ry. lio, Piut. D|¥. 

ra* Ry. Skew 60*. Rtbbed. On piles* tst. Pitts. Di v. Pa. Ry. Stone pSTTipct. tji. Man- 
chevter-Birmingham. HV— ioj'.^. tij. Intrsdns has five centres* 134. James Rjver and' 

KanttKrha Canal, laB, Berlin-BresU^u. Intrados of each at aanie elevattun. 75 It. bigtk 
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ARRANGED ACCORDING TO SPAN— (Cow^jniierf). 
ARCHES. 



Mr 



^»n. 


Ri». 




1^ 


^ 


SI 


1- 


:2S<5 




U«tenmL 


Clasfiof 
BridBt. 


ReC«f«iioch 


1 








< 


u 


S, 




& 








a? 


6a. i 


1J.6 


















H.W. 


p. June iSgS 


108 


•6».j 














?5o.a 






H.W. 


L.Q. 


109 


•fij.o 


Ji-S 






C2 


JE. J 












R. Dec, tS88 


1 lO 


6j.o 








E 






»43.o 




Limenooe 


H.W. 


A. 1844. P- 444 


Ml 


6J V 


i&.T 


S J 




C 


Sl-4 


.0*6 


taj.6 


ti.7 






F. i*sa, p. 18, 


Hi 


6j.fl 


!<>*■ 


I J 




E 


SS-7 


^DOl 




ia,8 






F. i8j3. p. J84 


MJ 


6j.9 


435 


J'7 




E 


5«-7 


>o6i 


A J. 4 








F. iHia, p. 176 


M4 


64.0 


11 kJ 


X:i 




E 


So. 6 


.084 




W 4 






F. !8sj, p. a86 


■IS 


64-D Xq 


i*.o 




Ci 


JJ.O 


,iSo 


JO. 8 


J4 5 




H.W. 


F. 185a, p. J74 


11^ 


'Si 


ia-7 








I*. 7 
















64-0 tu 


3*0 


4 S 




Ci 


Jt.o 


.141 


73-5 


IJ.8 




H.W. 


F. 185** P* »76 


1*7 


45- J 


*a.7 








±1,7 
















44.0 

64^0 


«6.j 


JO 


J.O 




S9S 


.076 


ifi.J 


S.e 


Rin^ Nind 


- Ry. 


B, Mar. j6, i^j 
L. 


118 


64.0 


16.0 


»T 


a-T 


C 


40.0 


.0*7 


2J.O 






R>^ 


E. 


i»o 


64.0 


16.0 






C 


40^0 










Ry. 


E. 


131 


«s 


J* 5 


f.i 




Ct 


Jl.J 


,086 


JJ.O 




Brick 


H.fc, 


F. r85J,p. 158. J 


111 


d5.o 


aT'D 


J « 


7' J 


E 






tj6.o 






C- t8sjt~6 

Pub. Wk^M. S.;4i 


113 


fitf.O 


15.0 


f.s 


3.8 


C 


4i-7 


.o6fi 




7.0 




C*nal 


114 


•ds 


170 






€ 






taj.o 






H.W. 


L. 


135 


aI.o 


i.'J 


1.8 


3.8 


Ci 


Jl-9 


.0S6 








H,W. 


I. 


lal 


4j.p 


JO 




c 


J6.4 


.08. 


10. D 


S.oto 


PiteKtonc 




L.J, P. i8si»p.aS6 


137 


S5 
















fi-J 










4J^ 
























6^6 






E 












Ry^ 


F. 1853, p. >ii 


I1& 


leu 
























4s. 6 


ll« JJ 




E 


47.6 


.o6g 




8.5 




Ry* 


P, tSsj. p. J94 


119. 


6J.4 


i^^ 19 




C 


47.5 


.081 


;S:; 


ij.i 


Brick ring 


Ry. 


P. iSsa, p. 1^6 


*je 


6S.6 


11.6 j.» 




£ 


47.7 


.o8j 


"J 




£>'■ 


F. 1853. p. >94 


iji 


65 6 


a.B J. 3 




C 


flj-s 


054 








H^fc. 


}. 


tjj 


6i.6 


jt.S J.J 




Ca 


33.8 


.101 


a6.3 




Frwrtone 


K F. T8sa. p. aflo 


UJ 


65^6 


11. fl j*j 




E 


47.5 


.069 




S.5 




55^' 


L F. iH7. p. ao4 


U4 


6S.6 


ji.B 










36.1 






Ry. 


US 


*i-4 


JJ.B j.o 


4*4 


£' 


11* 


-est 


B 5 


TI.J 


LunostoQCi 


S^' 


Engineer. April, '04 


ui 


66.0 


3JO 




Ca 


J3,o 




550 


B.o 




Ry. 


M, Oct, lOj i^j 


■37 


56.0 


18.0 3.1 






18.0 


.H4 




to 










51.0 


»i.5 






*$ S 






IT.O 










^J.O 


140 J.J 






jg.o 


.084 














66 












*4.e 






H,W, 


K. June 14, 1S9S 


iji^ 


4S S 
























A6.0 


fj.S a. I 


4.0 


Ei 


81.0 


.OJl 


4».J 




Granite 

rinfl 


H.W. 


A. Oct. TR,\7.p. 14;' 
A. April tttjp.S 


ij^ 


66. « 


10 J 1-5 




E 






i9.ti 


10. 


Brickm- 
terior 


Ry. 


s. 


14a 


66.1 to 
41.6 

66.0 


Ji.j 




C 








17.1 






P. I as J. P' »Bq 


Ut 


JJ 5 




Q 


JJ-5 






IJ.I 




^Z^^ 


F. iSsa.p. 1S6 


14» 


67.0 






F 












H.W. 


L. 


Ml 


67-9 10 
68.3 


rs.fi 6.4 




E 


S7 5 


, III 




TI.7 






F, 185** p. ^Ba 


144 


M-4 *.J 




E 


;j.j 


hO|0 




r8.fi 






P. 1851, p, 184 


I4J 


6S.* 


JJ.O 




E 












Ry. 


F. tBsJ<P* 119 


M6 



t About, 
tag. Tours-Bordeaux. Skew 34* 10'. 130. Turin-Genoa. 131. Tours-Nantea. 134. Tou re- 

Bordeaux. I3S. Coat 1,017.300 f. 136. Thusis-Engadine. 137. Penn. Ry. 130. Replaced 
old bridge of 1100-1118. Slight skew. Foundation on gravel. 140. Great North of England Ry. 
On piles. 14a. Bottom of canal to intrados — S'.s. 146. Avignon -Marseilles. H.— a7'.9. Pile 

foundation. 
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^B 




TABLE IL~DATA FOR ABOUT 500 ARCH BRIBGES 






UASONRY 


B 


Nuw. 


Pkce. 


Over. 


Bate. 


Engineer. 


1 


H 147 


Centfal Avt. 


Indmnapolis, Itid., U.S.A, 


Fall Crk. 


1«»B 




H 


Bord 




OeilR.C?) 


1764 


Uckrc I 


■ 


tUrl5b!Srcke 


Pfs*ruc. Austri* 


Mnldau 


iJ57-«5a7 


1^ 


H 


Putareh 


Wales( >J 


D^ R. 


iSii 


Ttlford 1 


1 '^* 




Nr. Huddenifi«ld, BnsLand 


Sheffiekl R. VaL 


1846-49 


Hawkxhav 


1 


^H 


Welleslcy 


Limerick » Ireland 


Shannon R. 


18.7 


Niinrao 


■ 


H 


Whrnmcliflfe VUd. 


Bnent-KfiolJ. Enlirand 


Brent R. 


iftlo-37 


BruiKl 


m 


H 


Crum Elbow 


Hyde-Pk.-on-HiMiKMi, N. 
Y.. U.S.A, 


Cmm Elbow Crk* 


i8^»a 


MofTIl 


' 


^1 155 






LeaR, 




Bniithwaite 


1 


■ 


Wi^uJiickan 


P*., U.S.A. 




18S1-2 


Bucbhob 


1 


^M 


Shock s Mills 


Shock's Mills. Pa.. ir.S.A. 


Susquehanna R. 


i^j- 


Bn&wn ' 


i 


■ 


Rockvilk 


Rotkvyie. Penn., U.S.A. 


Suaquehaiina R. 


1901 


Brown | 


^ 


H 




Franccf?) 
Pavia, Italy 


fc^^^i. 


17S7 


Pertichamn 


m 


■ t6o 




Tkino R. 


14th Cent. 


Under ViH^li 


■ 


■ 




Swaura, Penn., U.S.A. 






QsbcHD 


■ 


■ 161 


Komps 




Aude R» 


17S5 


ThiertA 


9 


■ 


Spokto Aq. 


SpolttU^ Italy _ ^ ^ 


Valley(?) 


74' 


ThiNxlfflapittf 


« 


■ 


Colof^do St. 


St. Paul, Minn., U.S.A. 




l«»9 


Rundlett 


^1 


■ 




Helmsdale, Seotlandf?) 


He]m«lak-R.(?) 


1S16 


Telford 


9 


■ 166 




Luxemb-umfT Germany 


Petmsie R. 


iSg^-igoj 


Sejouimt 


a 


I '^^ 


North 


Edtnburffh, Scotland 


WaverkryRySta* 


I76jt 




f 


■ 


North Loch 


Nr. Edinbynjh. Sct:»tland 


N. Loch Valley 




Myliie 


m 


■ 169 


Schuylkill 


Philadelphia, Pa.. U.S.A. 
Penn., U.S.A. 


Schuylkill R. 








^1 t70 


Black Rock Tuaad 




iSj6 




fl 


■ 


Londun (old) 




Thainea R. 


1176-r *o<» 
J7S8 
1903 


Ptter (rf Colr^ 

[chuvch 


fl 


H 171 


Brunswick 


N.BnmBwick,N.J.,U.S.A. 


RaHlan R. 


1 


^1 


Atihie 


France 






AmouK 


fi 


■ T74 


Bdp&tcm Ave^ 


Medford. Maas.. U.S.A. 


MytiticR, 


igoo 


Balky 


1 


^1 


Zcniec 


Austria 










■ n& 


Schmicdtobe) 


Near KlO&terle, Atjstria 


SchmiedtobeZ 


18S1? 


ffua 


J 


H 


Po 


Near Valenia. Italy 


PoR, 


1950 


Roverc 


i 
It 


■ IT» 




Dresden^ Saxriny 


BlbeR. 


t r79-iaiEio 


Fotiua 


il 


^1 t?0 


Tevifjt'Tweed 


Kels<s Scotland 


Tweed R. 


1709"! 8-5 J 


Rmnie 


1 


■ 


Diooo Viad. 


Con cm, Scotland 


Conon R. 




MhcheU 


■ 


H isi 


Staines 




ThaiDei R. 


!ljJ 


RennJe 


1 


H 




Puofrcchio. Italy 


Ajuo R, 


>S69 




J 






* MaJLimum^ 


1 


^m RBMAItK». — T47, Cc 


M about ijOfOoo. Pile foundation ji' cicnt 


^r to center. 149* PAftH|^^| 


H dedtmyed, flood iS^o. 


i;i. Hoddensfield d Sheffield Ry, 70 


' and 4 ^* arches on skew fli^^| 


H Hbbrd . H . * 1 a a '-s. 


iS». *'Bi'II-moutheci*' tvpe, 153- Or* 
157* Perm* Ry,, twr> tfacks, i/sS. Penti 


at Western Ry. rA Hn||lai^H 


^1 is<^, 0»t fj7$,ooo. 


Ry., fnur track*, 6* eurvel^H 


^1 one end. tiVo. Rcpf 
H tfii, Lebanon VaUcy R' 


acvd by another bridge. Covered, Root 


supports! by tiiiarbk ^liiffl^^l 


/, i6j. Now ID use. Piera of ttonc, H 


. - 3^7'.* at aprmcmf. 'f^| 
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1 


^ ^ 










Si™. 


Rise. 




Q 


4 e 
II 


1- 




111 


Mat^riaL 


Ckuaof 
BridgE. 


RfifeiMiee, 


SE 


6*.o 


14.0 


9.Q 


J-O 








50.0 


6.0 


Li]iie£ti>n<: 


H.W.and 


H. W, Klauaman 


■47 


09. « 


i|.o 


3.0 


a.o 








io.o 


6.0 


Ring 06- 


E. Ry. 






69.1 


35 6 






£ 










[litic 




F. iHja, p. 3S0 


i4a 


&0.S 






















P. iSg«, p, 136 


140 


70.0 


ss^a 


a-s 




C 


j6.6 


.068 


JO.O 


10. a 






F. i8sj. p. isa lio 


*e.o 
























70.0 


B.e 


3. a 


i.6 








ia,o 


4.S,Sanditatie 


Ry. 1 


C. 1850 i5t 


45.0 






















A. April, i8ji, p. 


JO.O 


IJ.O 


tl.S 


t'S 




IS.O 


.IdD 










c. isss-ft. S. 0. I SI 


TO*» 


0.0 


+*.o 


fj.6 


E 






43-0 


to.q 




H,W. 


70.0 


17-5 


J.O 




£ 






JS.O 




Brick, 


Ry- 


A. iH37-«.p. ia6- 
F. 185*, p. i8( 

B, FeU 16, lati^ 


i5J 


JO.O 


7.0 


1.5 


3.S 














H,W. 


154 


70.0 


IJJ 


J. a 




E 






J0,0 




Brick rin«r 


Ry. 


S. 


fJJ 


70.0 


aj.o 


30 










aB.o 


9.5 


TalcoM sr 


Ry. 


fl. May a, 190* 


156 


7C.O 


lO.O 


J'5 


J.J 


€ 


40,6 


.0R6 


i&.o 


8.0 




Ry. 


T. March 11, 1004 


I«7 


7<y.o 


JO.O 


J*5 


J S 


C 


40.6 


olifi 


|o.o 


8.0 


Stone 


Ry. 


13. March 10, igoo ji^g 




















ring 




T. Oct, 3Sr igoi 




70. J 


iS"3 






Ci 


J5.* 






i6.o 






F. iHjJ, p. 3S4 


t cg> 


70.4 


6*.* 


3 1> 




P 


as. J 


.046 




i«.7 


Brick 


H.W. 


F. i»S3, p. 376 


lOo 


7fl.o 


J5.0 


J<5 




c 


370 


.09 J 


3J.3 


S.J 


Back 


Ry. 


I. 


161 


JO. J 


0.4 


4. J 




c 


64 3 


.06 J 




11.7 


Freestun« 




J. R iSji, p. }S4 


I63 


TD.J 


J5'' 






Ca 


Mi 






11.7 


BHck ; 


Anued't 
H.W. 


N.l^ov. »,t, ]B8« 


i6j 


13,5 


t J .0 


3 5 


t4.fi 


c 


6j.o 


.oSf* 


f50.0 




Limestune 


[64 


70.1 


»J.o 






c 






tl.o 


14.0 






R iSsj, p. j8S 1E65 


J5 4 


J, 9 
















H.W. 


NOct. ij, r^oi it6 
























N, Mir. I, 1 00 J ' 


71. & 


J5 5 






Ci 


JS.5 




S4.S 


a. 3 


Crai^teith 


H.W. 


K. Oct. J»iiij, pp.167 




















stone 




43^.491 




•7t.o 


j6.& 


t.a 




Ci 


jd.a 


.07S 


41. j 






H.W, 


T. 


168 


7»*o 


t6.5 


9.0 




c 


47. 5 


.04 a 








Ry. 


R iSsa.p. »gt 


■ 60 


71.0 


ifr.5 


J. 8 


i.a 


c 


47.5 


.05* 


i».j 


S.o 




H.fe, 


I, 


1T0 


»tO JO 














4«t 


35; to 




L- ,171 


71.0 
















Ij4' 






1 


7J.O 


j6,o 


J*J ' 


J 3 


c 


jfi.o 


.093 


5S 






Pftnn. Ry. , 


B. Jan. 30, jooj.p. 173 


*6-<» 


JJ'O 


J J 


J.J 


c 


JJhO 


, JOD 


53 


g.o 




4tnicki 


86 




56.0 


iB.o 


3.* 


J * 


c 


jS.o 


-114 


5 JO 












5t,o 


»5*5 


J.O 


j,o 


c 


^5 5 


.1,8 


JS^o 


S.o 










71. » 


jr. 1 






Ca 


jr. I 




30.6 






^Xf. 


G. ittTri. 1001 


<73 


f*." 


iS-5 


as 


a.S 




4*.* 


,dSO 


Sfi.o 




Gtmnite 


Wm. G. Taylor 


t74 


r^*^ 




fl,6 


4. J 














Ry. 


B. Dec. 7, laoj 


'75 


7J.3 


i«.i 


4 * 


7.S 


Ci 


j6,i 


.ri4 








Ry. 


G, iS«S, XVI, p. 


r76 


J9-4 


■ 9.7 








ig.t 






[17.T 






- S7S 




7V.1 


11.3 


3.« 




c 


65.0 


,050 


3>.8 


o,a4& 


Brick 


H.fc; 


Ph fSsj. p. Jg6 1 


'77 


71-5 


J6 J 


* 4 




Cm 


J6.J 


.iBo 


^.17.3 


19.0 




F. 1S5J. p. =74 


17a 


7j,o 


Jt.O 






£ 






tafr.o 






H.W. 


L 


179 


7J*o 




3^0 


4.0 














Ry, 


k. Sept. 10, la^r. 


ilo 


T4'0 


8J 


JO 


6.0 




7S,o 


.oja 


J4.a 


S-3 


QnmLe 


H.W. 


Pjp. Jq6, 35 7 
C. 5. K, Sept. I J, 


18 1 


66, e 




















iSoi.p. 336 „ ^ 
Jour, R I nit., Feb. 




74-^ 


















i8j 




















1870, p. IQI 





t About. 

Skew 60". Pile foundation. 166. Four lateral arches in each spandrel. 167. Replaced 

by steel, 1898-9. 168. H. — 65'.© to top of parapet. 160. To Mt. Carbon, W. Va. 170. Phila. 
ft Reading Ry- »7i. Replaced in 1824-31. 17a. 7a' span. Stepped Skew 63* 10'. Backing 
of masonrv 24' to a8' above springing, then earth fill. 173. Cost a. 1 65, 000 f. 174. Cost 

$17300. Skew i6^ 175. Austrian State Ry. 176. Austrian State Ry. i77« Alessandria 

iQL^ke liaggjore. 179. Below Elliot's Bridge. z8o. Highland Ry. one track. 
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^1 


1 




TABLE 11— DATA FOR ABOUT 530 ARCH BRIDGES 






MASONRV 


I 


Xame. 


Place. 


Over, 


Dat8. 


Bngtoeei-. 


1 












i 


^^H 




Scotland 


Earn R. 


1781-1881 


Renaie 


1 


^B lai 


AJbany St. 


N,Brutiiwick,N.J.,U.S.A. 


Raritan R. 


1899 


Deaaand West- 

brook 
StevHiaon 


f 


B^ 


WhitAddpf 


Ailantuwn £figLand( }) 


Whitadder R. 


1841 


1 


H i86 


Weatministcr (eld) 


WestminBtcT, Enj;land 


Thamea R* 


t73«-JS 


Labely« 


.F 


H 




St. Masunce, Fnuice 


OiseR 


IT74-*S 


Perronet 




■ tSB 




Naviily, Ffance 


Douba R. 


17B0 


Gatith^y 




■ «S9 




Roanne. France 


UAt^ R. 


t7Si^iftoi> 


Vimar 




H 190 




Compile p France 


Oi«R. 


t7i3 


Lfthite 




^1 




Semur. France 


Annancoa R» 


t7«o 


Dumopey 




■ 


Pont Royal 


Paris, FnmcB 


Seine R. 


]6fl5 


Mansard 




H >«i 


Cestius 


Rome, luly 


Tiber R. 


i»tc. B.C. 


Under Crvtitu 




H 




Perth, Scotland 


TayR. 


1 760-7 t 


SmeatDQ 




■ iCrS 


Hyde Pftrk 


Readville. MasA., U.aA, 


Byde Park Ave, 


iS^7-*» 


Cnrtis 




■ i«6 




Italy 


Taro R. 


iSib-^ao 


Cocconoelll 


M 


^k IQ? 




Orleans, Prance 


Lotre R. 








■ 


Crown St. 

or Hutcben^on 


Gtimsow. Scotland 


Qydc R, 


iSj^ji 


StcvenKia 




^^H log 


Molk 


Near Rome. Italy 


Tiber R. 


tiooa.c. 


ScauAtt 


1 


^^f^^ 


Fdbndu* 


Rome, IXalr 


Tiber IL 


t*t B,C, 


Fabriciua 


1 


^H 




Scotland 


Avon R. 


iSve 


Telford 


1 


^1 tOJ 


Ann*!) 


Near JohnstDwn . Scotland 
New York, K. V., U.S.A. 


Annan R* 


iSto 


Trlfrird 


■ 


■ 


Hi^h Bridge 


Harlem R. 


j8j7-4a 


Jervia 


■ 


^1 ^04 


Corstwaao 


W. of Cbnew'o, Pa., U.S.A. 
Philadelphia. Pa., U.aA. 


Conewetffo Crk. 
E. Pk, Drive 


iSgiT-oa 


Bmwtt 


■ 


^H 


SchuyJkjJi Falls 


fS^o 


Nichols 


■ 


^H 


GjneroauKh 


Viad. Station, Pa., U.S.A. 


Conemau^ R. 


iSjj 


Penn. Ry, 


■ 


^H 


Pnwn Viad. 


Posen, Germany 










■ 


ViUi>rio 


Turin, Italy 


PoR* 


iSio 


Pertinchamp 


^^H 


^M 


PainiviUe Viad. 


Ne«-PamBVjllc.O..U,S.A. 








^^H 


^H 




Trilport, France 


Mame R. 


i7S«-*4 


PefTjnnet 


V 


^H art 


Font du Gard 


1 4 ni. irom Nismei, France 


Gardon R. 


Bet. 17 

1.C.-14A.& 
tst tier 
Id tkr 
top tit?r 


Under Agrippa 


f 1 
' % 
It 
rt 


^^^^ ai» 




PraBue Attstria 


Moldau R. 






i 


^H 




York, Enffland 


OuBP R. 


16th cent. 




J 


^B *14 




Near Mivntloui*, Francs' 


Li>ire R. 


1S45 


Morandi^ 


tt 


^B ^f5 




Tsblnniir-a Austria 








J^H 


■ 




Baiersbonn, Germany 


Forhftrh R. 


i%o 


Leibbnaffcd 


I^H 


■ aiT 


OiK 


Near Pontoise, France 


Oi^R. 


1S4J 


OeBivvilleMid 


J 






* Maxinnim^ 


^1 RiHAnRt, — iSj. Ofi 


piles. tft*. Skew. iftf». First use of 


modem eaisson. Replaced 


^^H 


^H ca^t'irrin bridjfe, ifi 


T* RadinI iQintB in flpandn-h. io3. Cont 
51'. N. v., N. H. ft H. Ry. 3©c. 1.1' i 


inuation of Fabricius Brii 


ti^^l 


■ t«!^ Skpw 6r* nnd T?*" 


ireh in pi**r, joi. Gla^tr 


Tt^^l 


^1 CartislF. ao^ H.-io 


o\o. Parapet 11 6' above water* ao*. 1 


■hila. Div Pa. Ry. 6* rtii 


ni^^l 


^1 Twfi track** io5. PI 


lUa, & Readinji Ry, a 06, Pitti, Div. P 
jofi. Cofmnenccd by French iftto* 


^. Ry. Destroyed by J<al 
Completed by King Vt^ 

J 


)^^H 


^1 io«m Flood, iB^o, 


1 
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145 



Sl»A, 


Ri«: 




elf 


, 










Material, 


Claaa of 
Bridge. 


Reference. 


u 

1 

2 








< 


Q 


f3 




^ 








7S-0 


J«.S 


"-7 




£ 






4^ 9 


i».6 




H.W. 


S. i8jo 


183 


^1%'^ 


1J.& 


a-4 


a. 4 


C 


54*4 


»044 


liS^o 


JO.O 


Brick 
si Me fac'g 


H.W. 


B. April 16, 1892, 
p. 373 


184 


r* o 


ti.f 


>*S 


j.p ' 








tjO.o 


lo,o 


Soft ivd 
sandstonej 


H.W. 


A. March, 1844, p. 
ia8 


18s 


•r^s.e 


jS.o 


7* 


14*0 


Ca 


jS.o 


. 9C» 


4fi P 


13.8 


Ptirtland 
fit one 


HM. 


K. 1895, p. 306; L. 
P. 


186 


16.0 


Ai 


4.* 




C 


(iS,* 


H041 


76.7 


<>.6 




H,W. 


S. F. 1852, p. a&2 


187 


jft 7 


4. J 




£ 


^3^ 


,0*0 




t6.o 






P. 185a, p. 284 


188 


J6.7 


a6,6 


a. a 




£ 


ftj*0 


.059 


JS I 


13 J 






F. 1852, p. 284 


189 


ja.7t0 


15.6 


4-3 




£ 


li 3 


.oSo 


3^.0 


ia.8 




H.W. 


P. 1852, p. 278 


190 


ro.j 


ifl J 


J. a 






















Tft.a 


i8^4 


J a 




C* 


J8.4 


.0*4 










P. 1852, p. 282 


I9t 


?*.» to 


as^7 


4. a 




E 






5S.4 


14-0 




H,W. 


F. 1852, p. 276 


19a 


ca.j 


14 6 
























7ft-S 


J8.* 


4A 




Ca 


J8.4 


.17% 


J<s*0 






H.W. 


0. F. i8s2. p. 274 


193 


*n^o 














t:«6.o 






H.W. 


L. 


194 


7».0 


14^3! J * 


J. ft 


C 


(^o.s 


.040 


165-0 






Kv, 


T. Aug. 12. 1898 


195 


7a. T 


jt 4 


t .3 


€ 


46.6 


,OjA 




I3.1 


Brick 




F. 1852, p. 288 


196 


tfl.o 


j6.J 


4.0 


E 












Hjk\ 


I. 


197 


79 


II. S 


J-5 


4 5 C 


<i4 ^> 


,Oi4 


38. 




S&ndslone 


C. 18SS-6 


198 


74 S 


J.S 




64 7 


■05 + 














6s. d 


a.7 


J'3 




6s. 


*OS4 














7* J to 












tag 






H.W. 


0. Cresy's Enc. C. 


199 


ij.a 




















E. 




Sa.o 


40.0 


«,D 


C* 


40.0 


► ISO 


31*3 


tji*o 


Ppperino^ 


H W. 


P. 18s 2, p. 274 


200 


73-S 


JO. 8 


6.0 




J*.a 


.IJI 






tufa and 




M. No. 1207 




So.o 


10. D 




c 


So.o 




37.0 




Uaverti'e 




P. 1852, p. 288 


201 


So.o 


ao.ii 


3. a 


c 


JO 


^o6o 


10*0 








P. 1852, p. 288 


202 


So.o 


40.0 


i-S 


S Ca 


40.0 


.063 


t*t.o 






Aqued't 


Johnson s Ency. 


203 


i::s 


40,0 


S'% 


Ca 


40.0 


.u8S 


15.0 


tl.D 




Ry. 


E. 


204 


So.o 


36.0 


J. 6 


c 


4J.« 


► 06^ 


50.0 






Ry . 


B. May 24, 1894; 
Jan. 24. 1891 


20 s 


fto^Q 


40.0 


3'0 


s c. 


4«.o 


.075 






S&ndslone 


Ry. 


0. Am. Sup. 


206 


fto.o 


t6,o 


4-7 


C 


sa.*..o«i 






Brick 




I. 


207 


•»O.Q 






£ 










Oninite 




U. 


208 


So.Q 


4fl.fl 


j,o 


10 Ct 


40.0 


075 


00.0 


to.o 




H.^\ 


B. May 2. 1902 
0. F. 1852. p. 280 


209 


«0.4tO 


as.a 


4.a 


c 


4a. 


EI4 


JJ.O 


16.0 




210 


Jft.T 


37.7 






















»O.J 


4* J 


f J 


C7 


40. J 


.fJ4 


soft 




P*«!ftCTOe 


Aqued't 


Johnsc.m's Ency. 

P. Oct. 1896, p. 122 


21 1 


63 


JI.S 


S-e 




it.s 


.ISO 








mtid 




Si.o 


is.s 


IhP 




as s 


,106 








H.W. 






is.« 


t9 


3,6 




7*9 




;f:s 












*8o.fl 






c 










Gnnite 


Rv. 


K. May 10, 1878 


212 


*8t.S 


ift.J 




p 












H,W. 


R. Dec. 22. 1871 


213 


Ij.f 


Ji J 


4.4 


E 


78.5 


.Of* 


*«.a 


10.7 




Ry 


214 


Sj.o 




J. 6 














Rv 


B. Dec. 7. »893 


21S 


Si.o 


flS 


IkO 


6 






?ai.7 






HAV. 


G. ist T. 1901 


216 


ai.o 


11,7 


4.6 




C 


77. fl 


-OS* 


as 4 


Id. I 




Ry. 


F. 1852. p. 294 


217 



t About. 

Emmanuel. ao9. Lake Shore A M. S. R.R. 210. First bridifc entirely designed by Pcronnct. 

an. Fifth century, ends destrrjyed. Repaired 1743 and piers prolonged for new bridge. H. — 
x6o'.o. 312. Between Karlin and Bubua. Viaduct has 87 arches. 2x4. Orleans-Tours. 

Damaged in War 1870-71. 215. Austrian State Ry. 216. Three-lead hinges. Cost 18,260 {. 
9x7. Skew 76^ Ch. de ter du Nord. 
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APPENDIX. 

TABLE II.— DATA FOR ABOUT 500 ARCH BRIDGES 

MASONRY 



Name. 



Place. 



Over. 



Date. 



Engineer. 



ai8 
ai9 



331 
322 
223 
224 

225 
226 
227 
228 
229 
230 

a3» 

^33 

a 34 

235 

236 

237 
»38 
239 

240 

241 
243 
243 
244 



Crueize Viad. 
Stul* Viad. 

Mussy Viad. 

Pont Royal 



Cart 

Big Walnut 

Cognet 



Lea Cut 
Salarius 
Pouchards 
Pont de Pierre 

Dee Viad. 

Dunkeld 

Dean 
Licking Aq. 



245 Enz 

246 Jena 

24 K Alcantara 
240 Louis XVK?) 

Snoy 

Trinity 



2 "JO 
25' 



2S2 

2';3 



2-4 
25 



St. Edmc 
Vccchio 



Near Marvejois, Prance 



Mussy. Prance 

Paris, Prance 
Vforet, France 
Elkader, Iowa, U.S.A. 
Paisley, Scotland 

U.S.A. 
Sistcron, Prance 
Hautes Alpes, Prance 
Malign y 

Darlaston, England 
Coatsvillc, Pa.. U.S.A. 

Blois, Prance 

Bordeaux, Prance 

Lea Cut, England 

Narses, Italy 

Samur, France 

Grenoble, France 

La Voulte, France 
Alb<)is( ?). France 
Bet. Rhoa-v-Mcdre and 

Chirk, Wales(?) 
Dunkeld, Scotland 

Near Edinburgh, Scotland 

Castellane, France 
Romans, Prance 

Near Hofen, Germany 

Paris, France 

Stonleigh, Enlgand 
Toledo, Spain 
France 

Fochabers, Scotland 
Florence, Italy 

Pontoiso, France 
Nogent-Kjn -Seine, France 

Florence, Italy 

Neuvilli , France 



Crueize R. 
Stulz Gorge 

Mussy R. 

Seine R. 
Loing R. 
Turkey R. 



r 



Cart 

Durance R. 
Drac R. 
Serin R. 

W. B. Brandywine 

Loire R. 

Garonne R. 

Lea Cut R. 

Teverone R. 

Thouet R. 

Is^ 

Allier R. 
AvoTon R. 
DeeR. 

TayR. 

Licking R. 
.Verdon R. 
jls^re 

Enz R. 

I 

Seine R. 

lAvon R( ?) 
Tagus R. 

Spey R. 
Amo R. 

OiseR.C?) 
Seine R. 

Amo R. 

Ain R. 



1892-6 

1685 
1771 
1888 
1839 
1902 
1500 
1605 



1902 

1723 

1813-22 



Rebuilt 
6th cent. 



1839 



1770 
ti849 

1809 



188s 

1806-13 

1781-1821 
007 

I79X 

1569 

1773 
1766-69 

1177 

1775 



Geoffroy, Morris 
and Pouthier 
Mansard 
P^ronnet 
Tschirgi 
Locke 
Graham 



Werbruge 
Brown 
Gabriel 
Deschampt 



Trudaine or 
VogUe 
Picot 



Boesnier 



Telford 



Telford 
Pisk 



Leibbrand 

Lamandtf 

Rennie 
RonumsC ?) 
Perronet 
Bum 
Ammanati 

Percmnet 
Perunnet 

Gaddi 

Aubry 



* Maxunum. 

Remarks. — aiR. H.™2o7'y>. Midland Rv. 219. Thusis-Engadine. 320. B. Nov. 8, iS 04. 
p. 388. Paris, Lyon. 224. OlasRow & Paisley Joint Ry. 225. B. & O. Ry., Newark Div.. 

two tracks. 230. Over Wilmington & Northern Ry. and deep ravine. 234. Blown up in 
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ARRANGED ACCORDING TO SPAN— (C^m/wttftQ. 
ARCHES. 



Spui. 


Rise. 


lit 
it 


1^ 


3 




R 


1^ 


jil 


MAterul. 


Qa^ of 
Bridge. 




1 


*Sj.o 


t4J 


U'^ 


ta.a 


j^ 


41.0 


,I0J 


?36.a 


16.4 




K^^ 


R. March, 1S91 


3iB 


S^.o 


41. d 


J'A 


4-* 








8.S 






Ry- 


'04, W. 35 7, 366 
K. Apni 30, 1897, 


ai9 


S^.i 


41 -i 


4.6 




Ca 


41.1 


.111 


afi.5 


J6.4- 


Granite 


Ry- 


lao 


















ij.o 






P- 57S 




•Si.j 














t6o,o 






H.W. 


L, 


lar 


flj.l 




4- A 




C 


T5J-4 


.oiB 


4t-6l 


S.o 






P. 1^53 p. jBo 
a. April (f, 1891 


t22 


a4 * 


*7.0 


J.O 


4-0 


C 


*S-S 


.066 


JO^O 




LunectoiK! 


H.W. 


'*3 


Bs.P 


iS.o 


















R)^. 


A. iBj^. p. 31J 


aa4 


as^o 




i-J 


3-J 


c 






3^.0 


10. D 




Ry- 


T. Aug. i3, 1901 


JJS 


85.^ 


IVl 


s-7 




£ 














F. 1*5'. p. aas 


lie 


•8s ;j 


46 




Ci 


41^6 


.IDS 


It. 8 






H.W, 


F. jSsa, p. S76 


IJ7 


as. J 


42. & 


J.O 




Ca 


47.6 


.o?o 


SI. 3 




Ptwirtont 


H.W. 


J. F. 1*5^. p. *aa 


atl 


fi6.D 


IJ 5 


J s 




c 


;j.a 


.047 


?36.j 






HM. 


C ias5-s6 


lap 


aft,o 


43 








43 D 










Ry- 


T. Nov, ai, 190J, 


ija 


7S.0 


i^.o 








J9,o 












p. 8^8 




B6.J to 


3'*'« 


fi.<> 




£ 


5f.j 


.110 




aj,4'' 




H.W. 


F. J851. p. J76 
P. 1886, p. I 34 


351 


^4 .1 
















15-9 








Bfi.Q to 


^S.9 


J* 




£ 






49* 


13. « 


Brick And 


H.W. 


LP. iBs^.p. j8B 


Mil 


65.9 




i:I 














atone 








aj.o 


iC.o 










jo*o 




Brick^ 




C. 1855-36 


133 




















atone Uim 








iT.a 


4J 9 






C* 


4i« 




»?.a 






H.W, 


M. Peb, iS. 1B99. 
p. 19346 


1J4 


U.4 


7-4 






C 


84- 1 






to.i 






F. 1851, p, jSa 


ajS 


sa.6 


J1.1 


J^9 




E 


114-8 


-014 


3*.B 


t6.4 






F. 1 8s J, p. aga 


UA 


TS^4 


»o.T 


JS 






















•a*.s 


^s.a 






E 








ri.8 






P. [857, p. a8a 


J.17 


•a*.i 


a^* 


JT 




£ 


5* 3 


.070 


jS.4 


IJhO 






P. iBs». p. ago 


ijB 


•go.o 


















Fine ^one 


Ry. 


A. Ott. 4», P- 3n 


^39 


^.0 to 


30.0 


^hO 






4S.7 


,061 


*T.o 


ifi,o— 




H.W. 


L. F. iA$3, p. »S6 


i40 


Jl^D 
















14.0 










90.0 


jo,cv 


j,o 




C 


4a .s 


,OfiT 










f. 


^4^ 


^,0 


jj,o 


j.B 




C 


Jb.o 


-037 






Aqtied't 




], 


a4a 


00. J 


^0 9 


4 3 






73. f 


,oS« 








H,W, 


P, iBsJ. P- 174 


341 


pt.i to 


aj ft 


4-3 




c 


*f 1 


-077 


ig.0 


«B.a 






P. iBsa, p, aBj 


344 


C-COI.9 


c-c»-a 


3-3 


4-9 


c 


119-4 


.&41 


10.7 




Sanditcvn« 


H.W. 


K. 1B93, p. 560; 
G. 1B9E, p, ojo 


»4S 


•qi.S 


10. B 


4 7 


fS.o 


c 


lOJ.O 


.04^^ 


4*4 


«.a 


Pnvstone 


H.W. 


C, 185S-56. H, F. 
1B53, p. 386 


Mfi 


01 ^ 


tj-o 


N-fi 




€ 


, &7^9 


.asa 


ilii.o 






H.W. 


S. 


147 


*W5'0 


^;:i 


















H.W. 


P. TSgfi. p. T3.0 


14 B 


0*-O 


3 7 


















Woodbury, 1858 


'49 


*^5*o 














■ f .5 






H.W. 


U 


>SO 


Q5.8 to 


t6.o 


3 = 


J. a 


E 






ij.a 


■fi.i 


White 


H.W. 


A, April, 1B47, p* 


'5' 


fl7.« 


r4.& 
















marble 




104 




fl5 


7 1 


5-5 




C 


]6|.6 


.03 J 


41,5 


9.8 






F. 185*, p. a«o 


131 


a.T ^> 


2».9 


SJ 




E 


TO 9 


.06O 


31,0 






H.W.C ?) 


P. ia5», P' a«Q; V. 


151 


•w V 


Tg.l 


$.3 




P 


»5.J 


,063 


105.0 


>is 


Freeitonr 


H.W. 


July T7, r8«7 
J P. 1853, p. J76; 

P. iHf)^^ p. 130 


J54 
















1 










Q'O.o 


ja,6 


4 3 




E 


7T-1 


,06a 


1 


19,1 






P. 1851. p. 38a 


>J5 



t About. 

1867. 939. Shrewsbury & 

"hinges." 247. On piles. 



Chester Ry. 242. Chesapeake & Ohio Canal. 

254. Covered. Rebuilt about 1350. 



345. Three lead 



4 43 



APPENDIX. 

TABLE II.— DATA FOR ABOUT 600 ARCH BRIDGES 

MASONRY 



i 

2 


Name. 


Place. 


Over. 


Date. 


Engineer. 




2S6 


Dean 


Edinburgh, Scotland 




1831 Telford 


4 


257 
^S8 


FlcischbrUcke 


Drome, France 
Nuremberg, Bavaria 




1774 iBouchct 
1599 ,Carln 


J 


»S9 

-261 
^62 


Imnau 
Rialto 


Near Imnau 
Charrey, France 
Near Chalonnes, France 
Venice, Italy 


Eyach R. 
Sa6ne R. 
Loire R. 
Grand Canal 


1896 'Liebbrand 
1888 -Mocquery 
1 864-s j Morandiere 
1588-91 jAnt. da Ponte 


I 
5 

17 

I 


^63 


Margherita 


Rome, Italy 


Tiber R. 


1891 Vcsco\-ali 


J 


264 
265 


Pont du Jotxr 


Carbonne, France 
Paris, France 


Garonne R. 
Seine R. 


1770 
Z864 


&M?et 
Bassompierre 


J 

5 
3« 


466 
267 
268 
269 


Alcantara Aq. 
Bishop Aukland 
Etherow River 
Blackfriare (old) 


Near Lisbon, Portugal 
England 

London England 


Wear R. 
Etherow R. 
Thames R. 


1731-75 
1388 

1760-70 


Hoskoll 
Robt. Mylne 


35 

4 
9 


270 
271 


Alcantara 
Wellington 


Alcantara, Portugal 
Leeds. England 


Tagus R. 
AireR. 


loot Trajan 
1816-19 Jno. Rennie 


6 

I 


-272 


Rutherglen 


Bet. Glasgow and Ruther- 
glen, Scotland 


Qyde R. 


Z895 Crouch & Hogg 


1 
a 


^73 


• 


Minneapolis, Minn., U.S.A. 


Mississippi R* 


i88a-93 


Smith 


4 


^74 
^75 


Elstcr Viad. 
Goltzsh 


Bet. Reichenbach and 

Plauen, Saxony 
Bet. Reichenbach and 

Plauen, Saxony 


EJster R. & V. 
(two tiers) 
Goltzsh R. & V. 
(four tiers) 


1846-50 
X846-5- 


Wilke 
WilkeC?) 


I 
I 
1 
18 

I 
I 

20 
»3 


^76 
278 

27P 


Lcmpde 
Montlyon 
IPont au Double 


Rouen, France 
France 

Paris, France 


Alagnon 
Seine R. 
Durance R. 

Seine R. 


1785 
1805 
1847 


Mauriaet 
Lamand^ 
Delbeixue-Cor- 

mon 
De LagalisKrie 


16 
10 

5 

1 

I 


aSojGuilloti^re 


Lyons. France 


Rhone R. 


1265 


Ass. de« fr*re« 

Dupont 
Perronct 


18 


381 P. dc la Concorde 

1 


Paris, France 


Seine R. 


1787-9* 


I 
a 


282 

284 


1 

G^re 

Avi)7non 


Munich, Bavaria 
Vienna, Austria 
Avignon, France 


Isar R.( ?) 
Rhone R. 


1814 

1781 

1177-87 


Wiebektng 

Vimar 

Benczct 


J 
1 
ai 



* Maximum. 

Remarks. — 256. o6'.o arches are under sidewalks. 257. po'.o arches are tmdcr roadway. 

2S9. Three granite "hinges." 261. Granite piers on concrete foundation. Two tracks. 265. 
Parapets, etc.. Jura marble. 266. H. — 23o^o. Highest single tier of stone arches in the worn. 
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Span. 


RiM^ 


i 






^i 


1- 


is 35 


III 


MAt^ml. 


Class of 
Bridge. 


Reference. 


^ 






«.s 


E 










2 






^ 


< 







^ 


^ 








06.0 


16.7 


J » 






77.5 


.030 


41, D 






H.W. 


P. iSsa. p. 19a 


^ 


90.3 


30.0 


S.J 






4ft 7 


,06a 














•^6.0 


^77 


6.4 




£ 


74-5 


.oSA 




J7.1 






F. 185a, p. aSa 


aS7 


97<° 


IJ.O 


4-0 




p 


80.0 


.OJO 


5J-3 






H.W. 


P. 1896, p. 13a; F. 


as8 


c-cg8K4 


c-c4i.e 


Ji 


t.6 


c 


lift. 4 


,OTa 


?j3.o 




B«tQn 


H.W. 


i8sa^. a76 
G. '08, adTri. 
G. VI. 1896.0. 737 
K. Oct. 18. 1867 


aSO 


*0J(.4 


IJ-3 


4 


c 


104. S 


.03ft 


]ft.3 


IT. 5 




H.W. 


a6o 




ta4* 






E 






?i6.a 




Limestone 


H.fe. 


a6i 


ga.5 


aj.o 






P 






64^0 




M*rtib 


Q. P. 1896, p. laa; 
F. 185a, p. a76 


a6a 


























•»g.o 


16.1 


ts-t. 


n.o 


sC 






f67.S 




ReiHito & 

trmv^rtmn 

stone 


H.W. 


R. Jiuie, 189a. p. 
a6o 


a63 


1>0*T 


4^ I 


3^7 




E 


7SS 


.65* 


II. ft 


31.6 






F. i8<a. p. a8o 
K. Feb. 8 & Jan. as. 


a64 


^.1 


11 -w 


i J 




£ 






JOI.7 




Stone fTO 


m H.W. 


afts 


-f.B 


7 






C 


7*9 




*^-5 




Chilean 
HAudon 


Ry. 


1867 




«iaD.o 


8S.0 






P 












Aqued't 
H.W. 


P. 1896, p. 137 


a66 


leto.o ]>.o 


I. a 


i.a 














I. 


ItL 


•100,0: 15. 


4'<^ 


4.0 


C 


t^t.S 


.064 








H.^. 


I. 


•100*0 


4J-0 


s.o 




E 






\i.^ 






L. P. 1896, p. 136; 


a69 
























F. x8$a. p. a8o 




•100. 50.0 






C» 


SO.o 








Grwiit* 


H.W. 


L. 


370 


loc.oj IS 


4.0 


70 


c 


flO,8 


043 






Browm 
a^ditoite 1 


H.W. 


A. 1844. P.xa8and 
a46 


»7i 


100.0 


ia.6 


40 


4.0 


c 


07-6 


.041 












372 


90.0 


11-7 


40 


4.0 




01-4 


.044 


fSo.o 


13.5 


C finite 


H.W. 


Engineer, Aiig. a3. 




loo.o 


30-7 


30 










18. e 


70- 
14.0 


Limestone 


Ry. 


189s. p. 18a 
Jour. West. Soc. 


»73 


«o.o 


40.0 


a, 7 






40.0 


.oft7 










Vol. 8, 19031 p. 4ai 




7«-4 


ISO 


a. 7 






















41.0 


13 


'■^ , 






















40.0 


5 i 


a-7 






















100.3- 








Ct 






36.1 




Brick 


Ry. 


P. 185a, p. ao9 


'74 


2^.2 


















iQostly 








100.3 




3 7 




c 






^^6,1 




Brick 


Ry. 


P. 185a. p. 199 


'7S 


9»-0 


46.4 


3-7 




Ci 


46.8 


.o&o 






mostly 




0. Am. Sup. 




46.8 


3J 4 


1% 




^J 


JJ*4 


.064 






Rings ol 








44-6 




t.S 




c 


»J.4 


.ofii 






bnck 








41-8 




J. 5 




€ 


ij.4 


o(i^ 














30 




t-5 




€ 


'J 4 


.064 














loi . a 


3a "> 






E 














P. 185 a, p. 384 


»76 


•loi .7 


X3-7 


45 




€ 


05^7 
77.8 


.047 








H.W. 


H. 


*77 


101 .7 


3a. 






E 












F. i8sa, p. a86 


^78 


xoi .8 


9. a 


S.3 




C 


136, J 


030 


SJ.j 




MillBtoiie 
grit 


H.W. 


J. F. 185a, p. a96 


'70 


iot.3- 

a6.a 

ioa.3 


38.4 


3.1 ' 






6a. Q 


.034 




SA-t 




H.W. 


F. i8sa, p. a74 


aSo 


o.S 


3 7 




C 


148.0 


.oas 


51.1 


0.6 


Ff«eftt«Hie 


H.W. 


J. F. i8sa. p. a84 


as I 


oa.7 
83.1 


8.7 


3 + 






1*7 3 


oar 














6.4 


3 a 






r^a.J 


<**3i 














10a. 3 


17. 1 


4 3 




a 


83. 5 


050 


4»; 


fl.6 


Ffl!Mtotie 


H.W. 


J. F. 185a. p. 288 
F. 1857. p. 284 


aSa 


ioa.7 


a8.t 


5 J 




c 


f7 4 


,090 


35^6 








a83 


•loa.o 


51. J 


J. 4 




Cj 


51J 


«47 


iJ^4 


3».S 


Ptvestone 


H.W. 


J. L. P. i8q6. 


384 












1 










F. 1852. p. 274 





t About. 

»6o. Replaced by cast iron, 1863. 370. 
neapolia Union Ry. Two tracks. 
•64 .0 384. In rums. 



H. — aio'.o. 271. CofTer-dams employed. a73. Min- 

a74. Saxony-Bavaria. 275. Saxony-Bavaria. H.« 



^So 



APPENDIX. 
TABLE II.— DATA FOR ABOUT 500 ARCH BRIDGES 



MASONRY 



^ 



a8s 



Name. 



Place. 



Over. 



Date. 



Engineer. 



986 
a87 



988 
a89 



apo 

201 

292 

«93 
294 
«95 
296 
297 

298 

299 

300 

301 

30 a 
303 

304 

30s 

306 
307 

308 



300 
310 

311 
312 
313 
314 
315 



Herault 



Wissahickon 



Potomac Aq. 
Ponthaut 



Lodi St. 



ad Worochta 



Grand-Mattre 

Cresheim 

Napoleon 
Tongueland 



Waterloo (new) 
Devil's Br. 
T«tos 

VinReanne Val. 
Maidenhead 



Port de Piles, France 



Route of Nice, France 
Prague, Bohemia 



Marbach, Germany 
Philadelphia. Pa.. U.S.A. 

Washington, D. C, U.S.A. 

Germany 

Orleans France 

Harttord. Conn.. U. S. A. 
Baiersbronn, Germany 
Wurtembere, Germany 
Winstone, England 
Sault, France 

Elyria, Ohio. U.S.A. 

Toulouse, France 

Worochta. Austria 

St. Esprit, France 

Nantes, France 
Mantes, Prance 

Pontainebleau, France 

Fairmont Park, Philadel- 
phia, Penn.. U.S.A. 

Paris, Prance 

Near Kirkendbright, Scot- 
land 

Hartford, Conn., U.S.A. 



London, England 

Near Lucca, Italy 

France 

Bourbonnais, France 
Near Oisilly. France 
Rumilly. Finance 
Maidenhead. Enf;land 



Creuse R. 



Herault R.( ?) 
Moldau R. 



Murr R. 
Wissahickon Crk. 



Potomac R. 
Bonne R. 
Loire R. 

Connecticut R. 
Murg. R. 
Nagold R. 
Tees R. 
Rhone R. Br. 

W. Br. Black R. 

Garonne R. 

PruthR. 

Rhone R. 

Loire R. 
Seine R. 

Pontainebleau V. 

Cresheim Crk. 

DeeR. 
Connecticut. R. 



Thames R. 

Serchio R. 

Durance R. 

Vingeanne Val. 
Cheran R. 
Thames R. 



1846-47 
1878 



1887 
1897 



X793 
1750-60 

1903 
1889 
1882 
1762 
1825-27 

>894 

> 543-1632 

1892-93 

1 265-1 309 

1757-65 
1869 
1892 

1806 
1904- 



1817 
looof 

173a 



1785 

1832-38 



Bayeux 



Grangent 
Reiter 



Leibbnmd 
Gen. Thayer 



Hupeau 

Grave* 
Leibbrand 

Robinson 
Montluiaant 

Jackson and 

Bunce 
Souffron 

Huss 

Ass. des frfaes 

DupODt 



Hupeau 

Belgrand 

Webster 



Ma 



Telford 
Graves 



Rennie 



Han nana 
Vaudray 

Garella 
Brunei 



♦ Maximum. 

Rbmarks.— 285. Tours-Bordcaiix. Two tracks. a88. Three lead 'hinges. 7A0. Skew 

69® 26'. Ten 4' ribs. 293. See No. ^08. 294. Three lead "hinges. ' Cost ai.800 f. 

999. Stone trimmings. 300. Austrian State Ry. 301. Small arches in piers. 304. Psm 



APPENDIX. 



n^ 



IGED ACCORDING TO S?I^— {Continued). 



Rise. 






r 






MaterUl. 






Reference, 



iS'4 

JS.3 

13.7 
>0,J 
II. o 



IQ.S 
10. g 



J9 5 
I« 5 

3ft. 4 

44-8 

14^4 
34 '« 

ifl'3 

31.1 

3S.0 

3 3.0 
35 
^7 
t&.S 

39.8 
34.^ 

60-3 t4 

6t.B' 

40.o| 
J4 J 



4-3 



?.7 
4.0 



3.« 

3-0 



57 

M 

9.0 
3.3 

4.e 
43 

3-i 

3-7 
4.3 

* 4 

6-4 



70. « 



060 



30 , o 



40 
j-6 



5 5 



4-9 
4^5 



3 3 



4 3 



6.7 



36 
7.S 



po,S .019 



31 
J9^ 



4 



CV) 



140. J 
ijS.i 



83. fl 



rt4,3 
81.0 



7«,S 
56.8 
70.4 



02ft 
OJ5 



loft 
08 1 



<I37 



a40 
076 
0S4 



18.4 



ag.s 

Jt .7 ? 
ti6.4 

93. D 
64.0 

t4 7 
J7,6 






36.6 



37 8 



H% 



056 



60. J 
61 



d6s 

DID 



,o8i^ 



34.0 



44.0 
f 1.0 

?t4.o 

3>.5 



IS- 

4Q.O 



Fneeatonc 



Gfunitc 



Coujiho- 
hocken 
stone 



Granite 



Etyna 

nandiitone 

Brick 



Bet on 



Buff 
sandstone 



Gfanite 



Granite 



Limettofie 
eandslQiae 



Granite 



FrwWcnie 
Brick 



Ky. 



H,W, 



H.W. 



Aqucd't 
H.W. 
H.W. 
H.W. 

H.W. 
H.W. 
Ry. 

Afiued*t 
Sewer 

H.W. 

H.W. and 

El. Ry. 



H,W. 

H.W. 
Ry. 

H.fr. 
Ry. 



t8s> p. 176 
P. r8s3. p. 394 
F. J853 p. 3S0 
K. May 10,1878, p. 

359 



G. i8fli. !, p. Qji 
B. Sept. 9, iBg? p. 
161 

A. 1 8 J?, 8. p. 148 

F, 185 1, p. 384 
L. F. 1853, p. 376 

N. Dec, 36, i(jo3 

G. I St Tri., ttjot 
G. :8pj, t, p. oQj, 

F. 1S59, p. 388 

C H. Snovyr, City 
En«in«r.EbTiB,0. 
^- t8s3, p. 370 

B. Dec. 7, iBg3, p. 
F. iBS'p p. 374 



I. 

K. Oct. i&69pp.i75 

B. Au£. ji, iA93,p. 

U F. 18 j3, p. 186 

T. Feb. ig» fs^4,p. 

K. Dec. 36, igo^ 
N. Dec. 31, 1Q04.P. 
76s 



S. K.Feb. 33, 180$, 
p. ^16; F. iUsi 

c. 

F. 1853, p. 378 

B. Dec. 7, 189J 
r F. iSsj, p, 384 
P.Wkfl.G.B..*46. 
K. Oct. »s, i8qs 



3S5 

386 
J87 



7%S 



301 

tgs 

393^ 
994 

396- 

397 

3»» 

3(» 

jor 

30 a 
30s 

304 

305 

JO 6 
30 7 



310 
3" 

.115 



bout. 

pply. ^08. Pneumatic foiandations. Cost (est.) $1,600,000. 

313. E. Ry. of France. 3»S. Great W. Ry. 



3x0. Pour small sido 



'52 



APPENDIX. 



TABLE II.— DATA FOR ABOUT 500 ARCH BRIDGES 

MASOXRY 



J 


Name. 


Place. 


Over. 


Date. 


Engineer. 


i 


1 












2 


Ji6 




Neuilly, France 


Seine R. 


1768-74 'Perronet 


5 


^17 
-318 


Echo Br. 


Mantes, France 

Newton Upper Falls. Mass. 


Seine R. 
Charles R. 


1757-65 Hupeau under 
1 Perronet 
1876 Fitzgerald 




J19 
jao 

jaa 


North Ave. 


U.S.A. 
Elyria, Ohio 
Aberdeen, Scotland 
Wan Hsien, China 
Baltimore, Md., U.S.A. 


Black R. 
Den Bum Rill 

Gorge-Jones* F* lis 


1 

1 801+ , Telford 
1803-95 Smith 




:3a3 


I St Worochu 


Worochta, Austria 


Pruth R. 


1892-93 Hues 




334 


Boucicault 


Vcrjux, France 


Sa6ne R. 


1888-90 Joz.>i* 




3*5 


Moret Viad. 


Moret, France 


Ixjing Val. 


1847-49 '. 




3a6 




Scrivia, Italy 


Scrivia R. 


1850+ |Ranco 


j« 


3a7 
ja8 
329 
330 


St. Martin 

Vizille 
Waldi-Tobcl 


Toledo. Spain 
Villeneuve. France 
Near Grenoble, France 
Near Bludens, Austria 
Verdun, France 


Tagus R. 
Lot R. 
Romanche R. 

Doubs R. 


1203 
1732 
1766 
1884 
1895-97 


Bouchet 

Huss 

J»)2on 




^^ja'Castalet 

J33 Albula R. Viad. 


Sales 


Al. R. Gorge 


1903 


Sejoum^ 




334 Br. C33 


Bellows Falls, Vt.. U.S.A. 


Connecticut R. 


1899 Cheever 


a 


335 
336 
337 


St. Sauveur 

Pont-y-tu-prydd 

Alma 


Prance 

Nr. Newbridge, S. Wales. 

Paris, France 


TaflFR. 
Seine R. 


i 

1755 Edwards 
1855 Darcel 




338 




Near Nami, Italy 




Bet. 27 
B.C.-14A.D 






339 


Putney Road 


Putney, England 


Thames R. 


ti88a 


1 
Basalgctte 




340 
341 


Outer Maximilian 
Verone 


Munich, Bavaria 

Near Vicux-Chfitcau, Italy 


IsarR. 
Adige R. 


1004 
1354 


Under Scala 




34a 




M<Milins, France 


Allicr R. 


1705-1710 


Man sari 




343 


Pont-du-C^t 


Near Perpignan, France 


Tech R. 


1.1^6 






344 




Turin. Italy 


Dora Riparia R. 


.8,4 


Mi.»sca 


I 



♦ Maximum. 

Remarks.— 316. In design R. — i6o'.o. 317. Destroyed in War 1870. ^iS. Sudburv Aqut- 

duct for Bostf>n. H. = 79'.o. 321. Slightly pointed. 322. Skew 55*. Riblxid. 323. Austntn. 

State Ry. 324. Radius at spr. — 75^.5. Paris-Lynn. Two tracks. Appn>ach to metal spans cmasinn 
river. Carve about o® 5a'. 330. H. — 165^.0. Slight curve. 331. ^xtrados arc of circle i44'-> 



APPENDIX, 



15:5 



ARRANGED ACCORDING TO SPAN— {Ca»<f»j<«0. 
ARCHES. 





Ri«. 


111 








%■ 




|il 


Materia]. 


Bridge. 


Refercncfj, 


^ 


•uS.^ 


i*.o 


S-J 




E 


jSO.o; .0*1 


47-9 


14. Q 


Pn«itQne 


H.W. 


L. J. P. 1806; F. 


Jifr 


ijB.a 


i«.S 


6.4 




C 


Sg.S 071 


JS^& 


15.6 




H-W. 


L. V. July t7, iSg? 


3iy 




i4 
4^- J 


5-0 


6.0 




<i7"S *o74 


ifl.o 




Gfanite 


H.W. 


Bcflton Witcr \'V^ks 


3i» 


J4.a 








c 












AquL-d't 


FitzBtraici 
A. Pttky 




J7«* 


iS.S 






Ca 


iB.j 














J7.0 


140 












37,0 








s« No. i^a. 


SI9 


lag.O 


JflnO 






C 






43 .« 




Gtatiitc 


H.W. 


L. 0. 477 


339 


1 30 . 


6S.O 






C^ 












H.W. 


Bh , une i^, igoa 


31t 


IjO.C 


jft.o 


S'O 


a. 4 


E 






100, 


16.0 


BrickRinff 


H.W.& 

E, R.R. 

Ry. 


8. July*, ift^j.p. 7 


33* 


iji.t 


3=.S 


4 fi 


? » 








14.7 






B, Dec, 7t i*Oi. P^ 


33J 


36.1 






















448 




j6.. 


























Iji,i 


ifi-4 


J 4 


u^ 


B 


177^51 


-oig 


?i6,o 




Vilkbds 
stune 


fl.W. 


B. MayiS, iBoj 
G. iSi>a.p.44s; P. 
ig«a,p. 50 


3»* 


13J.J 


16.4 


a. 6 






tjfl 4 


.oi(^ 


ao-s 


g.J 




Ry. 


F. 1832, p. iiT 


33S 


j3,a 


16 4 








16 4 
















jji.j 


4J.7 


JB 




E 


86. g 


.ofiS 






Brick 


Ry,. Turin 


P. 1853. P- ig6 


ja& 


•13*. 








P 












H.W. 


P. 180O, P* 00 


ur 


*^1^.6 


66.3 


5-J 




Ci 


6^.3 


.ogo 


ffl.6 






H.W. 


F* JSsa. p. *70 
F. ifsa.p. iho 


3J» 


13J S 


tjS-. 


t*? 




E 


iH.o 


,e<Sl 


jfl.3 








3^9 


114 5 


41.6 


5-0 


lO.J 












— ' 


hM. 


G. »il8a, p. 575 


3J» 


:;i:i 


JO.l 


3 <» 




Et 






10.7 


13*J 


Limestone 


G. i8g7.4°. p. 179 


33* 


17<J 


3 * 






















;S:i 






















B, Feb. 37, 1001 


J3« 














i.s 






Ry. 


Engineer, April H 


3JS 
























and Mar. 4. 1^04. 




VS.4 






















pp. jjSand 3S5 
B. Jiine Ji, tpoo.p. 
40 }. and Blufs 




140.0 


10. 


4.0 


4.0 


C 


133.6 


.030 


37. e 






, Ry. 


JJ4 


t4O-0 






















P. 1806. p. 140 


M^ 


140 'O 


JS 


t-.* 




C 






IS. 8 




FTterton* 


H.W. 


8;h 


3J& 


141.4 


jSi 


4.« 












J6.4 


MillAlone 
ent 


H.W. 


.137 


ue.o 


aS'» 


4.« 
















A. 1856. P* 376 




14^^ 




















H.W. 


Lr. 


3J» 


1350 


























114.0 


























Vs.o 


























144-0 


TO, a 


4-5 


ss 




144*0 


.031 


47.0 


iS.o 


Granite 


H,W. 


K. May 17. iHgs 


J3» 


lao.o 


16.3 


4.J 


S J 




13*. 


-oja 




azid 


ring 




K. July 33. 1*8^. 




tia^c 


IJ.O 


4.3 


5? 




iJt.e 


.033 




t^.o 






« ^ P- *!* 




144 J 














7t-5 


ID . p 


LimcatotH! 


H.W. 


n. Oct. 37. JQ04 


.^40 


146.0 


JS^S 


S-3 




€ 


S?o S 


■OJQ 


Jl,4 


J6.i 


FrtestoTW 


H.W, 


J. F. iSs*. P. 374 


34 1 


S7 4 


II. 3 














and 










3.^ 


Xt-l 














»3 4 










147 1 
















J6.a 






P. rfl^Jt P* »r6 


343- 


US t 


























147- & 


;"• 


4.6 


13 I 


C3 


73 S 


.o6t 


IJ,S 






H.W. 


n. Dec. 7. iSql 
F, iH5a, p. 374 


-US 


1413^ ° 


jR.o 


4.9 




c 


1 60. if 


.03f 


40.0 




Granite 


H,W. 


I, U. 1^46. }i. »7 
F. iHi, P- ^fio 


34* 



t About. 

and 1 jo'.o radius. 333. Thusis-Engandine. H. — aSa'. ^15. H." ais'.o. 337. Rubble, Rrouted. 
Potxndation on piles. 338. Probably the most magnificent bridge built by the Romans in 



Italy. 
1710. 



340. Three metal hinges. Failed by hinges slipping, June 27, 1904. 
343. Mostly brick. Stone ring. 



34a. Failed 



«54 



APPENDIX. 



TABLE II.— DATA FOR ABOUT 500 ARCH BRIDGES 



MASONRY 



1 

2; 


Name. 


Place. 


Over. 


Date. 


Engineer. 


• 

e 

i ^ 
z 


345 
346 


Bellefield 


Nr. Klein wolmsdorflf. Sax. 
Pittsburgh. Penn., U.S.A. 


Roeder R. 

St. Pierre Hollow 


1896- 


Rust 




347 
348 
349 
350 
351 


Claix 

Gloucester 
VieUle BrioucU 


Near Grenoble, France 
Elyria. Ohio, U.S.A. 
Gloucester. England 
Berne, Switzerland 
Brioude, Prance 


Drac R. 
Black R. 
Severn R. 
AarR. 
Allier R. 


1611 
1886 
.8.7 
tiao4 
1454 


Kinney 
Telford 

Grciner and Es- 




35a 


Londou 


London, England 


Thames R. 


i8ai-30 


tone 
RennifO 




353 
354 


Jaioma 


Near Toumon 
Jamma, Austria 


Doux R. 
Pruth R. 


1545 
1892-3 


Huss 




355 
356 


Main St 
fTyne 
Wear Viad. 
L Victoria 


Wheeling. W. Va^ U.S.A. 
Near Newcastle, Eng. 
Sunderland 
Low Lambton 


Wheeling Crk. 

WSTr R . 
WearR&Val. . 


189a 


Hoge & White 




357 




Gifenac, France 


Herault R. 


1777-93 


Garipuy 


3S8 
359 


Nydcck 


Near Lavaur. France 
Berne, Switzerland 


Agout R. 
AarR. 


1775 
1840-44 


Saget 
Mailer 




360 
361 


Antoinette 
Ballochmoyle 


Near Ballochmoyle. Scot. 


AyrR. 




Sejoum^ 
Millar 




36a 


Vieille Brioude 


Brioude. France 


AUier R. 




Romans 


363 
364 


Gour Noir 


Near Coppel, Germany 
4 k. from Uzerche, France 


Schwaendenholz 
Ravine Sc Brook 
V^x^ R. 


1901 
1888-9 


Daigrement 




365 
366 
367 


Grosvenor 
Lavatir 


Turin. Italy 
Chester. England 
Near Lavaur, Prance 


Dora Riparia R. 
DecR. 
Agout R. 


1 833 

i8t«-3 

1888 


Hartley 
Hartley 
Sejoum^ 




368 




Bogenhausen, Bavaria 


IsarR. 


1901-0J 


Fischer, Archt. 




J69 




Germany 


Gutach R. 


1901 






J70 




Jaremcze, Austria 


Pruth R. 


i89»-3 


Huss 




37« 


Cabin John 


Washington. D. C, U.S.A. 


Cabin John Crk. 


1857-64 


Meigs 




37. 
373 


Trezxo 


luly 

Near Trezzo. Italy 


Adda R. 
Adda R. 


1903 
1380 


Under Bamabr 

Viscontt 
Sejoum^ 
Leibold 




374 
375 


Plauen 


Luxemburg. Germany 
Plauen, Saxony 


Pctrusse R 

Valley 


1899-03 
1905 





♦ Maximum. 

Rbmarrs. — 345. Saxony-Silesia. Cut -stone ring. 348. Rock foundation. 350. First stone 
tjridge over Aar near Nvdeck castle. is>3' Rock foundation. 354^ Austrian State Ry. «(i. 
Durham Tunc. Ry. H. — 151' about. 358. H says five arches. 361. Glasgow and S. W.Ry. 
36a. Fell 183a. See No. 351. 363. On curve /? — a66o'. Clear H. — ia4'.5. 364. Limogtes-Briveu 
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Hi 


^ ^ 










Spim, 


Rbc. 




|l 


1 


P 




jll 


Material. 


CU«of 
Bridge. 


Reference, 


*; 

2 


14* 6 


40 S 


5.6 




c 


Ha.t 


.070 


tae.o 






H,fe. 


F, iBs'p P* 3»4 


345 


I50-C 


jG.ft 


4-0 


6*0 








83. 




Gfay 


B. June 31, ]ft9?,p. 


346 




















sandstone 




351 




ISO* 


54-4 


3*1 




c 


a.*o 


.OJO 


JO, J 






H,W, 


H, F. 1853. p- 376 


347 


15P*« 


37 D 


3.8 


4.5 


c 


117,6 


,03 J 


3l*.0 




Sandstofie 


H.W. 


B. May 31. iSgo 


J4^ 


iSo.o 


S4'> 


4*5 




£ 


T5»*4 


.oa* 


37. 4 






H.W* 


H, P. 1853, p. 300 


340 


150.3 




















H.W. 


0. Dec. 10. 1895 


3 SO 


(So.a 


75-5 


4*J 




Ci 


75*5 


057 


»4.7 






H.W* 


A. 18441 p- 347 ; P. 
1853. p. J74 


JSI 


i5»-0 


37-7 


4 S 


tO^Q 


El 


t62,d 


.OJ1> 


56. 1 


34-0 


Qmnite 


H.W* 


A. 1847, p, 106 


553 


140. e 




4.6 


' 9.0 










-1J,0 






F. iSsi, p, ago 




IJO.O 




4 5 


8.5 
















P. 1896, p- ia8 




15^.7 


65.0 


i.g 




c 


7S^9 


.ojs 


16.0 






H,W. 


J. F iSs^p. 376 
B* Dec* 7p i*93» P- 


3SJ 


IS7 4 




5*6 


R,5 


c 






14.7 






Ry. 


354 


39^5 






















44a 




iSg.o 


J8.4 


4-5 


6.0 


c 


T15 4 


oj6 


4S.0 






H.W, 


Blues 


355 


ISO-* 


79 


4.6 


4-6 


c^ 


79.9 


.OSS 


J5.8 


JI 5 


Soft 


Rj'* 


F. iSjj. p. 17S 




"44 t 


7=-& 


46 


4*6 


Ci 


7".o 


.064 




33*fi& 


Swid^tone 




A* iaj7-3*.P. 57 


356 


l^.ft 


4Q^Q 


4*ft 


4.6 


Cj 


49-9 


.oga 




»I5 


1 k miles 




C. i8sS"S6 




30. J 


10. 1 
















from Br, 








t6o.o 


44^ft 


6.5 




£ 


117 7 


.05s 




iS.6 


Frafcstone 


H*W* 


H. J. F. 18s 3. p. 384 


357 


*5.i 


41, & 


6 5 




Ci 


41.6 


.156 














160.5 


65^0 


6. J 




E 


103-4 


■ 095 


3ft. 4 






H.W, 


H. F. 1853, p. 383 
0. Nov. 57, p. jja 
B* Dri;. IQ. iS^s 


358 


*ito.7 














39. S 






H.W. 


359 


























164c 






















F. laqj, p. 3g4 
fl. Feb. 37, 1903 


360 


■ Sc.o 


00.0 


6.0? 


fi,o? 


Ct 


90.0 


.067 


aS.o 






Ry^ 


C. 1851-53 


361 


59'^ 


>5.a 


4.5 






35.0 


,tlio 














iaj,7 


t6o,« 


s-a 




C 


gt.8 


*osa 


16.0 




Vclcanic 

rack 

Sandttpne 


H.W. 


A. June, 44. P- 347 


363 


IB7.C 


5S 8 


S.0 


8.5 








14 4 




Ry. 


B. Dec. 36, 1901, p, 
G- tS^3. p. 545 


J63 


ig6,S 


5*8 


5 « 


IJ.8 


C 


ilA.t 


047 






Granite 
ring 


Ry. 


364 


flOO.B 


4a. 


4*e 




€ 


144.0 


.033 






H*W. 


H* p- 3^5 

A. G. June* iftgi^ 

a*Ocr 9i,Dec.7/p3 


365 


»oo.c 


4* 


4 S 


7.0 


C 


140.0 


^OJl 


! 35.5 




SandAtone 


H.W. 


1615 
























367 


»Gl.t 


90. J 


















H.fr* 


R. iSBg.p. 584 




c.-c. 


c.-c. 












60.6 




Limestane 


N* Oct* 4* 1903 


36a 


lOQ.^ 


j1p4 


i.i 


















B. Sept. r8, tgoi 




Jio.o 


5^'S 


p. a 








13.7 




Sandstone 


R>% 


B* JariH 18, tgoi 
B. Dec. j6, t^i 


36« 


ai3.o 


ii?-*» 


«.» 


10. 3 1 








147 






Ry* 


B* Dec- 7. i8g3. 


370 


W.4 






















p. 447 




sA.d 


























■10.0 


J7*3 


4*a 


6,1 


C 


1J4-J 


.OJI 


10.3 




Cninite 


Aq* and 

Mm. 


K. April ig, 1867; 


371 


tijo.o 




4 1) 


7-* 


i5 


t46,o 


.010 


17.4 




Grmnite 


N. Julyig. 1S90 
N, Oct. 17.1903 


373 


J5J*c 


87. & 


4.0 


4*0 


iiJ-6 


.OJO 








B. Dec. 7. iH<jj: 
B. Feb. 37.1901 


373 


177 7 


T01.7 


4*7 


7.1 








tJi.l 






BS' 


574 


>es :j 


S6.4 


4 fl 


6.fi 




544*5 


.044 


5^.5 




Hardflkte 


H.W, 


B, Au«. 17* 1*05. 


375 


43J 


.5.6 




















p. 1 56 





t About. 

366. F. 185a, p. 290. Lead in rinR joints i span from abutment. 367. Rough stone in cement. 
368. Three metal hinges backed withjrranite. Five lateral arches in each spandrel. 369. Lateral 
arches. Max. H. — iii'.s- 373- Three-hinged for D. L. Fixed for L.L. 373. Destroyed 141& 
374. Twin arches X9'.4 apart. 375* Longest stone arch in the world. 
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TABLE IL— DATA FOR ABOUT fiOO ARCH BRIDGES 






PLAIN CON 


1 1 


Ku». 


Plii«, 


Over. 


Date. 


Engioeer. 


1 

■3 












1 


^H 


Fern St. 


W.H*nford.CoTiM..U.S.A 


Trout Brook 


tQoa-i 


Crawford 


fl 


^H 


Casey R. 


Los Marias. Porto Rico 


Cast'V R, 


iSgoC?) 


Bud 


m 


^H 


Bridge No. 41 


ShaTpsviUe,Penn..U.SA. 


Pine Run 


i^OQ 


Geer 


ii 


^H 




Cheltenham. Mo. US, A. 


Des Peres R. 


t^^i ?) 


PunloBL 


t 


^1 




Bel, Manati and Aales, 
Porto Rico 


Ouehrada R.CO 


iSggC n 


Bwl 


M 


H 




Manifield.Ohio. n.S.A. 




IQOAin 


Keith 


■ 


■ 




Bet. Santiago and El 
Cftney. Cuba 


San Juan R. 


tgC3 


Rockenba4:b 


1 


H 


Canningtrim Viad, 


Canniigtotij England 
Scotland 




lao&^oj 


Pain 


^ 


^H 


EwftrtQn Br. 


Ravin« 


]M8t-Sa 


Ben 




^H 


LfKihnmnuamh Viftd. 




i899t 


Simmcm and 
Wils.™ 


I 


^H 




Scotland 


Amabol Bum 


i8aot 


Douglaa ' 


a 


^H 


F^zmmnViad. 


Scotland 


Finnan Valley 


TS^gt 


1 


^H 




WaihmKt™. D.C., U.S.A. 


Broad Branch 


i^i 




H 




Northampton, Pa.. U.S.A. 


Hok^ndauqua Crk. 
and Highway 


1900 


Thampson 




^H 




Adjuntas, Porto Rico 


Small stream 


TSga(?> 


Buel 




■ 




Salt River, Arix.. U.S.A. 


Dam spillway 


1005- 






■ 


Bridge No* j+j 


W. of Cindnnati. 0., 

U. S. A. 
Thi»be!i.Ill.,U.S.A. 


Tanner's Crk. 


1503^4 


Killridg^ 




1 




Bank of Miasis- 


1^3 


Noble mud Mo- 


11 








sippi R. 




jcski 




H 




Concord, Mass., U.S.A. 


Assabet R. 


H?0| 


Worcester 




^H 


Brid^ No. t6j 


W.of Cincinnati, 0„ U.SJi. 


Tanner's Crk. 


IUOJ-04 


Kittrid^e 




^1 




Ehingcn. Wurttmherg 


Danube R. 


iSgS 






^1 


Ashtabula Br. 


Aahtabula, Ohio, U.S.A. 


Ashtabula R. 


1(004 


Beekvitli 




H 




Near Remitinsteint Wur- 
tcmbere 


Danube R. 


189 J 


Bfauti 




^B 




Piano, 11!.. U.S.A. 


Bin Rp>ck Crk. 


i«o3-4 


Bneckenridgie 




H 




Near San Leandri^. CaL, 
U.S.A. 


S. LeandmCrk. 


tgat 


Co'imty Sof- 
veyiOTT 




H 


St^ Ana Viad. 


Riwnide. Cal., U.S.A. 


Santa Ana R. 


IQ02-O4 


Baw^ood 


^ 


H 


Momr Viftd* 


Scotland 


Morar R. & H.W. 


^H^-9 


Simwfi and 


1 


H 




Near Imnau. German V 


Byach R. 


iSg6 


Leibhnuid 


1 


■ 




Pittsburs, Penn., U.S.A. 


Silver Lake 


tflos 


Brown 


I 


H 




Near Tarvis^ Austria 


Scblitta R. 


tig^iJ 




f 


H 




Thebes, IIU, U.S A. 


Bank nf Miffiift- 

sippi R. 
Anthony fGll ^ 


t^ej 


Mc*We and Mr^ 
>cski 


r 


^1 




Near Mecbanicsvillc. H. Y„ 
U.S,A, 






* 






* Miijiuiiufn, 


~*fl 


^B RBMAftKS.— i. Cv'rt 


I4Q50. J. Skew, ti^o'. Penn. Ry. 4 
mhingeSp 7, Cdn r met price, fjj,OiDo, ^ 
urve laoo' R, X. — 1348 . H, "-too', t ^* 


.16 "thftts.** St. tSt S 


1^1 


^H Hy, 6. Thri?£ east'iro 


. On miTve, r«So' J?. J«fn« 


lii^^l 


^M Govt, Rys. ij. On c 


Pebble-fac^id. Qiiit *4t^* 


*f^^l 


^B 14. Thrrc tracki;. C. R 


.R. of N. J. Ek. metal uaed in radial planeii 
jut I i" fill over key. 1 7* " Big 4*" Ry., Ch 


15. ifjoo' abpvE ^sa*|r 




^t^ i<t. Very ai*t *Fchefc; nb, 


icago Div. tS. Appmtd 


L^^l 
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^ 








-f 




|3^ 


^^« 








Sp&n. 


Rise, 


|l 




u 


la 


t 


!■ 


III 


Gouof 
Bridge. 


Refenucc, 


i 


a*,o 


s.e 


3.(3 


3,0 




lO-J 


3.0 


.101 










I 


lO.O 


J.6 


1*J 


1.1 




5.5 


I. J 


.336 


tjo.o 


4,0 


H.W. 


N. April 35, 1^03 




30hO 


IJ.O 


J.S 




Cj 


t5-0 


a. 5 


.167 






H.W. 


Ce^m., Jftn. 19a J 


3 


jo.o 


iS*o 


a.i 


a. 5 


Ci 


IS 


3.5 


.167 


755 




Ry. 


T, Nov. 16. 1900 


3 


36. o 


iH.o 






Ci 


iS.o 






*r.o 


5,3 


H,^V. 


B, Nov, 3, rgo4 ! 


4 


39-4 


fl.S 


t,6 








i.fi 








Ceoi.. Jan. igos, p. 


S 


4fl.o 


7*5 


*7 


.8 






■ 7 




40.0 




H.W. 


N. Feb. 18, 1 00s 


6 


40.0 


11. 5 


i.S 






30.0 


1-5 


.oso 


30.0 


S.o 


H.W. 


B. JuQ. 13* 1 00 J, p. 


7 


SO.o 


16.0 


3,5 


* S 


£ 




J-S 




16.0 




Light Ry. 


N. Oct. 31, igo< 


S 


50.0 


Ji. J 


»,o 


J.O 




JJ.S 


3.D 


.079 


16.0 


6.0 


£^' 


B. July 37. 1*03 
B. Feb. 0, tflop, p. 

B. Feb 9, iS((flf P- 


g 


50. P 




















Ry. 1 


10 


SO^o 




















Ry. 


IT 
























*S 




50,0 


3S.0 


ti 




Ca 


3J.0 


3. J 


.100 




6.0 


Rjr. 


B. F«b. 9, iBofl^ p. 


13 


50.3 


tT.o 


n.a 


tft.d 






tl.* 




16.0 




H.W. ' 




13 


51. B 


iJ-S 


^1 






31.5 


3'5 


.1 ir 


4t,o 




Ry. 


N. Jun. S, 1^1, p. 


M 


J4-0 


II. 3 


a,S 






i«.o 


>.a 


.100 








J4t 




SJ'O 


ij .0 


1.5 




E 




i*s 








H.W. 


Cem., Jan. 1^03 


IS 


50 




ti^S 








1.5 




10.3 


6.5 


H.W. 


N. Oct, t4* igos 


16 


loo 


36.0 


3.7 




C 




a, 7 




tji.o 


fl-J 


Ry. 


N, Mar. s, IP04, p. 


■7 


40.0 


10 hO 


a. 3 




£' 


20.0 


3.3 


.115 








^ , '^' . 




65*0 


Ji^5 


3 3 




Cj 


JJ-S 


3 3 


.103 


3§.0 


13. 


Ry. 


T. Jan. 0, oj.p. 31. 
Munictp. Enj^inocr- 


1% 


























66.? 


II.O 






E 








t3I0 




H.W. 


ig 
























ring, Marth. i^oj 
N. Mar. 5, i^4 




«8.D 


17.0 


3 5 


6,0 


sjF 


fi*.« 


J-5 


.055 


3JO 


tl.J 


hM. 


JO 


bg.D 




S-3 


J-o 


c 




3.3 




*4 6 


6.6 


B. Jan, 9, 1901, p. 


31 


ea.o 


7^3 




















3S 




T4-& 


J7*0 


te.s 




Ca 


37-0 


6-S 


.iTfi 


I4SO 




Ry. 


T. Jan. 37. ivof 


3« 


M ♦ 


«.J 


a. I 








3.1 










Y. iSflti 


'3 


fit, J 




JO 






43 


30 


,070 


44 




H.ft. 


N. Jan, 1, 04, p. iS 


>4 


a6.o 


J.O 


'*'". 


sC 


6t.S 


JO 


.04H 


tsoo 




B, Au^. 37. t«oj,p. 


5 3 








je' 
















'74 






4JO 


J-S 




C 


4S% 


3 5 


.oSi 






Ry, 


N. Sept. fl. 1905, p. 

2*4 

B. Feb. 9. i£ci9, Ph 


j6 


MO 


JO 








3.0 








Ry. 


37 


50.0 
























30. e 


























Qa.4 


^.S 


i-S 


t-ft 






l^ 5 




B.3 




H.W. 


G. 3Tri„ iSgS 


iS 


100.0 


io,o 


4.0 


4.0 


Ci 


5».o 


4.0 


.oRo 


34-0 


IJ.O 


Ry* 


N. May fi, 1905, p. 


39 


80. D 


40.0 


J fi 


J.fi 




40 -Q 


3-5 


.08S 








S»* 




100,0 


10.0 


i J 


"3 














H.W, 


En^netr. April u, 
™ , 1904, P- 4*4 


30 


100.0 


jD.O 


4-5 




C3 


SO.O 


4- a 


.oyo 


3S.0 




Ry. 


T. Jnn.w,oj,p.3»: 

Bh NuV. jo, 1^3 


31 


























100*0 




















Kl.Ry. 


B. Niiv. 5, 1903, p, 
40s 


3J 


SO.O 



























t About. 

Thebes Bridge. ao. "Big 4" Ry.. Chicago Div. 21. Cost $21,000. 22. L. S. & M. S. Ry. 
Four tracks. aj. Three lead ** hinges." 24- C. B. & Q. Ry. Two tracks. 2«;. Skew, lo" 
Cost $25,840. 26. One track. S. P.. L. A. & S. L. Rv. 27. Mallaig Ex. of W. highland Ry. 
98. Three granite "hinges." 29. Pcnn. Ry. Four tracks, 5* curve. 30. Three steel "hinges." 
31. Approach to Thebes Bridge. 
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TABLE IL— DATA FOR ABOUT 500 ARCH BRIDGES 

PLAIN CON 



1 

s 
2 


Name. 


Place. 


Over. 


Date. 


Engineer. 


1 


3i 
34 

39 

40 

41 
42 

43 
44 

\l 

47 


Danville Arch 

Grand Maltre 

1 6th St. 
Borrowdale 

CoulouvTcni^ 
Big Muddy 

Inzigkofen 
Vauxhall 

Conn. Ave. Br. 


2 miles from Danville. 
111.. U.S. A 

Near Mittenbexg, Germany 

Fontainebleu Forest , Fra'e 
Kirchheim. Wurtemberg 
Washington. D. C, U.S.A. 
Scotland 

Geneva, Switzerland 
Near Grand Tower, lU.. 

U.S.A. 
Inzigkofen. Wurtemberg 
London. England 

Washington. D. C. U.S.A. 

Munderkingen. Wurtcm- 

b«*nf 
Near Ovi^o. Spain 
Neckarhausen, Germany 

Ulm. Germany 


Vermillion R. 
MainR. 

Valley 
Xeckaar R. 
Piney Branch 
Bor'dale Bum 

Rhone R. 
Big Muddy R. 

Danube R. 
Thames R. 

Rock Creek 

Danube R. 

Nalon R. 
Neckar R. 

Ry. Yards 


190s 
1898-99 

i86q 

i898t 

190S 

1898-99 

189s 
1901-03 

1806 
1899 

I 889- I 906 

i»93 

Proposed 
>903t 

r9ost 


•Big 4" 

Fleischman and 
Bosch 

Belgrand 

Dotiglas 
Simpson and 
Wilson 

Butticax 
Parkhurst 

Uibbrand 
Binnie 

Morison & 
Biddle 
Douglas 
LeiM>rand 

Leibbrand 


I 



Remarks. — 34. Three lead 
lead " hinges." 38. Mallaig E _ _ „ 

111. Cent. Ky. 41. Three cast-iron "hinges. 



hinges." 35- 

38. Mallaig Ex. of W. Highland 



* Maximum. 

Paris water-supply from Vannc. ^f*. Three 

Ry. 39. Three hinges." 40. Two tracks. 
4a. Three "hinges." 44* Three steel "hinges." 
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ARRANGED ACCORDING TO SPAN--(C<w/m««rf). 
CRETE ARCHES. 







% 


< 




% 


3f 






14 

|li 








Span. 


Rise. 






g 


1^ 


1 




Class of 
Bridge. 


Reference. 


1 

^ 






S 


< 


5 


^ 




^ 


fS 






lOO.O 


40.0 


4-0 




c 


Si'3 


4.0 


.088 


4a. 


ISO 


Ry. 


N. Mar. 3, 1906, p. 
338 


33 


80.0 


30.0 


3.6 






41-7 


3.6 


.086 












iia.o 


16.4 
X7-5 


a, 5 


1.8 






a. 5 




a3.o 


fo.a 


H.W. 


B. July 25,1901, p. 
61 


34 


107.3 


14.8 
18.3 


"^S 


3.8 






».s 














X02.3 


13.8 
19.0 


3.3 


1.6 






2.3 














•115. 8 


ti9.3 


1 3 








ti.3 








^^^' 


K. Oct. '60. p. a7s 


35 


134.6 


19.0 


J. 6 


l^o 






a. 6 




tiS.o 




B. Mar. 9, 1900 


36 


125.0 


39.0 


S -o 




Par 




5.0 




as.o 




H.W. 


B. Nov. 16, 1905 


37 


127. S 


aa.5 


4-0 








4.0 








Ry. 


B. Feb. 9, 1899, p. 
8s 


38 


ao.o 
























til. 2 


18. a 


3 -D 


JO 


C 


127.3 


3.0 


.034 






H.W. 


Y. 1898 


39 


140.0 


30.0 


?Cr 


fjo 


E 


167.0 


7.0 


.04a 


so. 6 




Ry. 


B. Nov. I a, 1903, p. 


40 


141. 


Jii 


1.3 


1.6 






a. 3 




tia.5 






B. Apnlaa, 1897 


41 


X44.6 


ti8.6 

fao.o 


IV 


J« 






3-9 












42 


130.6 


J« 


3.« 






30 




t84.o 




H.W. 


N. Feb. as, 1899 




150.0 


75-0 


$.0 




C2 


750 


5.0 


.067 


Sa.o 


ao.o 


H.W. 


N. July 8, 190S. p. 


43 


8a. 


41.0 


3-3 






41.0 


3.3 


.080 








B. Juno I, 1905 




164.0 


16.4 


J'3 


J.fi 






3.3 




ta6.a 




H.W. 


G. 3 Tri., 1897, p. 

356 
B. Sept. a6 1901 
Engineer, Dec. 30, 


44 


165.0 


18.8 


^J 


J. 






3.7 




ti7.o 




H.W. 


:i 


165.0 


13. 5 


JT 






a. 8 




IS. 8 




H.W. 
























1904. p. 650 




ai5.o 
















t46.o 




H.W. 


B. March 15, 1906 


47 



t About. 

45' Three "hinges." 
centre of hinges i87'.o; 



46. Three cast-iron and steel "hinges.** 47. Three "hinges;" centre to 
rise centre to centre of hinges i8'.7; cost $45*000. 





^V ^^H 




TABLE II*— DATA FOR ABOUT 500 ARCH BRIDGES 




REINFORCED CO!* 


■ ^ 1 


Nune. 


Place. 


Over. 


Date. 


Engin«er, 


P 


1 












i 


^H 




Elkhart. Ind., U.S.A. 


U Rue H, W. 


TOP J 




1 


^1 




Vult^nite. N. J , U,S-A* 


Highway 


igo5-6 


Ckgood 


1 


^1 




Rack Rapids, la., U.S.A. 


Ravine 


1894 


M. A- a Co. 


1 


^1 


Rid^cwood Ave. 


Ridaewood. N.J..U*aA* 
Mmm G>,. Ind., U.S.A. 


Br. of Saddle C 


180T 
iS^g 


M. A. C Cq, 


1 


H 




Wfcldwjck. N, J.. U*S*A* 


Stream 


(898 P 


M. A. C Di. 


t 


^1 




St]«am 


i&gS 


M. A, C. Co* 




■ 




CrF»t&lLakt-.N.J..tJ.S.A. 


Stream 


iSv§ 


M. A. a Co, 


I 


^H 




Delaware Co.. Pefin..U.S*A 


Stream 


1505? 




1 


^M 




WavTie Township. N. J., 


Stream 


i8«6 


M. A. C. €0. 


t 


^m 


Lmwood Ave, 


RidKeWfxl. N\ J., U.S.A. 


SaddkR. 


iSD!! 


M. A. C, Co. 


1 


^M 




W. Edwards ville, Kan., 
U.S.A. 


Mission Cfeek 


igo4? 


WaUcr 


I 


H 




Indian CrccW, tlL* U.S.A. 


Indian Creek 


iO«J 


Smith 


1 


^1 




Ocnomowac, Wis., U.S.A. 


Laki; 


1S44 


Hall 




■ 


McKinley Ardi 


Batik Creek, Mich., U,S.A, 


Kalamazoo R. 


iSgg 


Reiseetr 


fl 


■ 


St. LrmiE, M ^.. U.S.A. 


De& Peres R. 


igoT 


PhilJips 


i ■ 


■ 




Sor^ffan, Philippjnea 


Stream 


19<>5 


Steven* 


W 


■ 


San Migiu;! 


Manila, Philippines 


Estero S. Miguel 


igo$ 


White & Co* 




■ 




Albion, Mich., U.S*A. 




1 89ft P 


Tb«^r 


i 


^M 


Cdmo Park 


St. PauKMmn.,U*S.A. 


Rapid Transit Ry* 


tgo4 


Wi^Mi 


jfl 


^M 


Crimo Park 


St. Paul, Minn., U.S. A. 


Rapid Tmnirit Ry. 


igD4 


Wihtm 


m 

~ 


^M 


Mount St. 


Atlantic Highlands, N. J., 

U.S.A. 
Carbondale, Penn.. U.S*A. 


Gmnd Ave* 


iSi^S-^ff 


M.A.CG>. 




^1 


Sal^mSt. 


Lackawanna. R. 


1896 


M*A*CCa, 


t 


^1 


Florida Kfiyi ViEd. 


Florida Ke^'a. U.S.A. 


Salt Water 


K^as- 






H 


t^nmifigton Br* 


Marysb^jtouffh , Queens- 
land 
LotiUville, Ky., U,S.A* 


Mary R. 


iSg6 


Brmdir 


II 


H 




BearKTass, Creek 


iBg7 


Keepers A 

Thacher 
NcXm:m 


1 


^H 




Decatyr Township, Ind*. 


Goose Cn«k 




1 






U.S.A. 










H 


MjcK. Cent. Ry, 


Df^tToix, Mich,, U.S.A, 


Southern Bvd* 


t£95-6 


ThacheJ^ 


I 


H 




Hyde Park, N. Y., U.S*A. 


Crum Elbow C. 


iSdt 


M,A,CCo* 




^1 




Plain well, Mich.. U,S.A* 


Kalamazoo R» 


too3 


Counwrigfat 


r 


^M 


Arch St* 


Paterai>n. N* j., USA. Passaic R. 


tQOl 


ScbwiefS 


^ 


^M 3^ 


Jack^n Si, 
Sixth Ave* 


Newark. N. h. U.S.A. Jackson St. 
Carlxjndale,Peiin., U.SJV. Lackawanna R. 


IQ04 


Osgood 


■ 


^M 


iSg6 


MA^CCo. 




^B 


Goat Island 


Niajjara Foils. N. Y*, NiogaTa R. 
U*S.A. 


T<iOO-J 


Buck 1 State) 










m'aJdo (Gm.) 




^1 




Clifton N. J.. U*S.A* Passaic R. 


tgoi 


Scb^iere 


t 


■ 




Route Neutra. Hungary 
Route N>inphenDurff» 




1801 




fl 


H 










■ 






Wurtembrrg 










H 


Castle Eichom 


Mfthnen, Austria 


Ravine 


|8«8 


Vmkt 


■ 


^H 


Eighth Ave, 


Carbon dak, Penii,,U-S*A. 


Lackawanna R. 


t8«6 


M*A*C.Oi». 


^ 


^m 


Franklin Br. 


St. Loui^, Mo., U*S.A* 


Den Peres R. 


i»07^»8 


Dean 




H 


Montgomery St* 


Jersey City, N. J.. U.S.A. .Sti*et 


1 8o5-g6 


M. A, C Co, 






Maatinttni-, 


''^ 


^L RsMAiticSp — t. L. S 


ft M. S. Ry. 1. C. R. R. of N. J.; two tmcla. s* Six 4" Jt^-I^H 

centi*. 4. Nine 5"' 0.75-lb* t beams; Sf/* centre in t^ntn?. 5. Heli^H 


^^^^H I be«mjiK jO*" centre to 


^^^H type. 6. I^iiie 5" Q-7 


5-lb* 1 beams; ja" centre to centre. 7. Nine s" Q.7 5-lb. I beaxns, j.i^H 
Vine s" p.? 54b. I beomst j6" cjcntre to centre* ^. Skew. Phtla. R- j|^| 


^^^^V centn to centre. S. 


^^^^ Co, i&. Nirte f" 0.75 


db* t beams; ms** centre to centre. ti. Seven 5" fi.75 IK I beams li^H 


^F centra to centre, i?. 


U. P. Ry,, two tmcks. 1.1. C* I. & St. L, Ry. Shcfrt Litie; two tndc^H 
nded metal* 1^, Melan typ»e: twenty-one 6" I brants. 17* VaHu|^^| 


^H i#. Ptt&t bars and expaj 


^B Etses and ihapei of bajra. 


i<»* Thacher tyjMs. ao. 5" g.TS-Ib. t be^oi^is: 3*'' centre toemitfe ^^l^H 


■ 1 


Pouranitlea, 3"X»") 


<i": jS" centre to centre (?)* jj* Eight 6'^ ii.>5-]b* I beam«; j*" e 

J 
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ARRANGED ACCORDING TO S? Mi— {Continued). 
CRETE ARCHES. 







:i 






If 




p 
^ 


:s2u 


-3 ^ 






^PUI. 


RIk, 


1^ 


|i 


j 


1^ 


Kind of 


11* 
iii 


III 


Class of 
Bridge. 


Referienoet 


] 


JO.O 

30.0 


to 
6.6 


0,* 


64 
15 


jC 


3* 


|"i» 


■ 55 

1 ,OJ 


3J-5 
17 5 






B. July 14 1004 
N. Sept. fl, 1905 


t 
3 


JO.O 


JO 


o.g 


1.8 








.Bd 


a6.o 




H.W. 


X, 


4 


Jl.O 


i.i 


















K.W. 


C&metit.Sept, 1000 


5 


31.0 


5 » 


0.0 


1,0 








ss 


S4.0 




H.W. 


X, 


6 


JI 


3-1 


O.Q 


' a.o 








.0^ 


J a,* 




H.W. 


X. 1 


1 


ji.e 


6.4 


O.fl 


J^3 








.*o 


16. D 




H.W. 


X. 


3J-0 


16. Q 


O.f 


0.9 


£ 













Int'r.R.R. 


N. Dec. s, igo5 


» 


M-O 


J'5 


o.a 


1.0 








.8a 


aj.o 




H.W. 


X. 


10 


#g.o 


«.o 


1 .0 










.66 


io.o 




H.W. 


X. 


II 


40. d 


tJO.O 


J.J 


10. 




n.o 


rj 


?fl 


3S 




Ry. 


T, Dec. 8, igoj 


ij 


40.0 


JO,o 


»-S 




Ci 


300 


it" J 




ja-3 




H.fr. 


T. March 1%, 1904 


13 


4J.P 


67 


0.5 












43 a 




B. Oct. lOi tS<>g 


U 


41.0 
















66 




H.W. 


T, Sept. 34, Tooo 


IS 


4S 


6,0 






E 




Vftr. 




4^0 
tj5 




H.W. 
H.W, 


B. Tun* ti, ifl03 
N. Oct. ?t, 190S 


16 

w 


4J.0 








sc 


43 


+ 




^34.0 




H.W. 


N. July B, T005 
B. Sept, JT, ifl^o 


4«^T 


*.J 














taS.o 




H.W. 


10 


50,0 


Iff. J 


a.S 


■ 5 








t.T5 
t.o<> 


ti7,o 
T17.O 




Foot-bfi'e 


N. Dec. 3, 1004 


la 


50.0 


la.S 


o.S 


>-S 










Foot-bri'c 


8. April 6, iflos 


3t 


50,0 


ti ,0 


0.8 


30 


c 


3J.« 




1 . II 


13.0 




H.W. 


N. AufiTist 13, i8p6 


3i 


30.0 


8^3 


e.S 


a. a 








i.»S 


53.0 




H.W. 


X. 


33 


S*-0 


^5^0 


j*o 




Ci 


ij.o 


*"J 


,?6 


ts.o 




H.fr. 


B. Oct. to, toos 


14 


50*0 


40 


t-7 


S-T 








.71 


ia.7 




N. Nov. 17, looQ 


>$ 
























B, Fpb. 14, 1901 




50-0 


ji.» 


I .e 


so 


JC 


41. T 


3"Kr 




t6o.c 




H.W. 


K. & T. Bbei 


■6 


50.0 




















H.W. 


Cement, Nov. igoi 


"T 


S<*.1 


OS 


1*5 


7-S 


c 


jB.i 




J. 71 


lOQ.O 




Ry. 


N. Sept. aS, (§05 
T. March 3, iBgo 
B. Nov. io,%S; X. 


>A 


S-1.0 


7S 


o.a 


*.5 








I."1 


T7.0 




H.W. 


■0 


16.0 


1:1 


O.f 


i*^ 








I.OC» 












S*.o 














ta4 


a.o 


H.W. 


B. May i a, 1904 


30 


54. » 


3 4 


1.7 


4, a 








i.6o 


1455 




H.W. 


N. Sept. (0, tci04 


31 


S4 J 


10. S 


i.f 




€ 


4*. 4 


ii"0 


1.37 


li^.o 




H.fr. 


N. Aufifiiat 6, T0D4 


JJ 


S4-« 


5*5 


0.0 


3.0 








r.TJ 


48,0 




X. 


33 


5J'0 


10.9 












flj 


t40.0 


S.o 


H.W. 


B. Dtc. 6, 1900 


14 


SO'5 


9.0 












.66 












t5J,« 


JO 


1.0 










».4fl 


tso.o 
tti».7 




H.W. 


N. Sept. 10, Tgo4 


35 


SJ.B 


3-7 


o,B 














H.W. 


0. i»t Tn., IQ04 


36 


56 7 


S.9 


t.D 












t3a,a 




H.W. 


G. lat Tri.^ igo4 


37 


jr.* 


10.7 


I.O 


3.3 


3^? 


31. s 






»J.3 




H.W. 


Ost. Monat.Baud'tt 


.18 


S8,7 


6,0 


1 ,0 


J^* 








f .01 


40O 




H.W. 


X. 


30 


60.0 


»5 S 


o.p 




jC 


4H.e 




t,4« 


u e 




H.W. 


X. 


4« 


«r.] 


TJ 


r .0 


3 A 








1 .01 


«3.5 




H.W. 


X. 


it 



t About. t J " Johnson bars. O — Round bars. 

tPe to centre. 23. Nineteen 7" is-lb. I beams; ^f*" centre to centre. 24. Arches vary in srwin 
but all same type. 25. 41.25-lb. rails; 2' centre* to centre. 27. Melan type. 28. Fou, 
4"X4"Xi'' anffles; 22^" centre to centre. 29. Five 7" is-lb. I beams, 36" centre to centre; fi\T 
5" 0.75-lb. I beams, 36" centre to centre. 30. 4"-6" channols. i.o' centre to centre. 32. Ce 

R. R. of N. I., two tracks. 33. Sixteen 7" 15-lb. I beams. 36" centre to centre. 34. Thacher 

type. 35. See No. 31. 36. WUnch type. 37. Monier type, 38. Melan t\-pe; four I 
beams. 3Q. Sixteen 7" 'Sr^b. I beams. 3ft" centre to centre. 40. Eleven 8" 18-lb. J beams; 
36" centre to centre. 41 . Twenty-one 7'' > 5-lb. I beams 36" centre to centre ; two elevated tracks. 
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TABLE IL— DATA FOR ABOUT 500 ARCH BRIDGES 

REINFORCED CON 



Naxne. 



Place. 



Over. 



Date. 



Engineer. 



4» 
43 



45 
46 

47 

48 
49 

50 
S« 

5a 

Si 
54 

II 

57 
S8 
59 



61 
6a 

64 
65 
66 



67 

68 
69 

70 
71 
7a 
73 



74 
75 

76 
77 
78 



Herldmer Viad. 



Bloomfiekl Ave. 



Cedar R. 
Meridian St. 
Illinois St. 
Wealthy Ave. 



Hamilton St. 



Rock Creek 
Soissons 



De rEmp^reuf 
Fabriano Viad. 



Seeley St 



Main St. 
West St. 



M. Sixth Ave. 



Troy. N. Y., U.S.A. 
Route Ebhausen, Wur- 

tembexK 
Vigneux. France 
Italy 
Herkimer, N. Y., U.S.A. 

JacksonviUe, Fla.. U.S.A- 

Auch. France 

Military Road. San Jtuui, 

Ponce, Porto Rico 
Newark, N. J.. U.S.A. 
Cincinnati. Ohio. U.S~^ 

Trinidad, Col. U.S. A. 
Copenha^n. Denmark 
Route Painpardii. Belgium 
La Salle. lU.. U.S.A. 
Waterloo. la.. U.S.A. 
Indianapolis. Ind., U.S.A. 
Indianapolis. Ind., U.S.A. 
Grand Rapids. Mich.. 

U.S.A. 
Wabash. Ind.. U.S.A- 

Hartford, Conn.. U.S.A. 
Hyde Park. N. Y.. U.S.A. 
Polasky, Cal.. U.S.A. 
Route Bade. Austria 
Washington, D. C, U.S. A. 
Soissons. France 



Haider 

Sarajero. Bosnie 
lUly 

Rt. Pa>*erbach, Austria 

Brookb-n. N. Y.. U.S.A. 

Austria 

Gr'd Rapids, Mich., U.S.A 



Dayt<ni. Ohio, U.S.A. 
Paterson. N. J.. U.SA. 

YorktoT^-n. Ind., U.S.A. 

PapiRus. Italy 

Des Moines, la.. U.S.A. 



Wynant's Kill 



Dora R. 

W. Canada Crk. 

McCoy's OAILR. 

Gers R. 
Guayo R. 

Park drive 
Park drive 

Puxgatorie R. 
Railway 

Gorge 
Cedar R 
Fall Creek 
FaU Creek 
Grand R. 

Creek 

Park R. 
Crum Elbow C 
S. Joaquin R. 

Rock Creek 
L'Aisne 



Lenne R. 



Prospect Ave. 
Bialka R. ? 
Grand R. 



Great Miami R. 
Passaic R. 

Stream 
Nera R. 
Des Moines R. 



1897 
1891 

1900 

190a 

i9oa-3 

1903-4 

1899 
X900-01 

X904 
1894-95 

1905 
X879 
1899 
190s 
190 a-3 
1900 
1900 
190 

1905 

1898 
1897 
1905 
1900 
1901- 
X909 



X904 

1897 
190S 

1900 
1903-4 

1894 
1903-4 



r9oa-3 
1897-8 

1905? 
i9or-a? 



Kenney 



Osbom E. Co. 



Thacher 

Reynolds 
M. A. C. Co. 

Hibboxd 



Strauss 

Z 

Jeup 

Andenoo 



M. A. C Co. 
M. A. C. Co. 

Leonard 

Beach 
Riboud 



Foot 
^^derson 



Turner 

M. A. C Co. 



Luten 
Z 



' Maximxxm. 



r type. 44. 
47. MelMi ribs 



Rbmarks. — 43. Nine 8" i8-lb. I beams; 3<>" centre to centre. 
Pikctty type. 45. Hcnnebique type. 46- U. & M. V. Ry. Two trucks. 

and Thadier bars. 48. Bonna type. 40. Thacher type. . ,^-- _ 

tracks. 51. Eleven 0" 21-lb. I beams; 36" centre to centre. ' 53. Five 18.8 lb. (per fof»t^ 

rails. 54^ Hennebique type. 55. Two ribs. In Deer Park. 56. Thacher type. S7. ro" 
as-lb. I beams: 36" centre to centre. 58. 10" a 5 -lb. I beams; 36" centre to centre. 60. Kahn 



43. Monier ty 
_ tracks. 47. Mi 
40. Thacher type. 50. Melan t>'pe. Two E. Rv 
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ARRANGED ACCORDING TO SPAN— {C<m/»»««Q. 
CRETE ARCHES. 







u 


1 




t 




g- 


8S 










Sp-n. 


Rise. 




< 


t 




Kind of 




Bridal. 


Re£ere[)«. 


2 


65,0 


a-5 


1.0 










1.33 


17-0 




H.W. 


S' ^ 


4* 


*L« 


a.i 


0.7 












t^.i 




H.W, 


G. I St Tn., 1^4 


41 


*J.6 


M^e 


1.6 












tu* 




H.W, 


G. iBtTri., 1904 


44 


fiS.6 


6.6 














146.6 




H,W. 


G. ist Tri., 1904 


45 


«6,o 


14 c 


t.S 


4.5 




46. s 


ir' Tt 


.g6 




a. a 


E. Ry. 


N> Feb. Jt, 1903. P- 


4^ 


tia.o 


lt*o 


i.S 


4^5 




46.0 




.06 








a^o 




•6«.o 


7,0 


15 












Si,o 


t7.o 


H.W.4 


T. July 3, 1903. p. 


47 


6a. « 


d.6 


I.o 
















E. Ry. 
H.W. 


438 
G. istTn., 1^04 


4A- 


TO.o 
















30. 




H.W. 


N. Aug. 3, IQ-QI^ p. 


49 


90.0 


S.5 














t6i(.o 




H.W. 


N. Aug, I3,nic?5,p. 
M. A. C. Co., B. 


5» 


70,0 


tD.O 


1,3 


4^0 


c 


1136,3 




It.Ro 


33^5 




H,W. 


31 
























Oct. 3. i»9S 




»o,o i 


7'0 


J. a 


3,e 


j£ 




i*"T 


a.6T 


tes.o 


7.0 


H.W. 


N, Feb. 10, 1006 


S* 


71.* 


%,s 


0.9 


1.3 


jC 


77-3 










Poot-bd'e 


B. July 31, iS^fft 


33 


9'^ 


I.J 












tj9.4 




H.W. 


G. ist Tri., 1^4 


54 


73. 


ii 


t3.0 


ts.o 






iXi"Tfi 






Poot-bri'e 


B. Sept. 31, 1903 
N. Fell. I J, 1004 


13 


71.0 


7.3 


I.J 


*.7 






3i"X|" 




't46.D 




H,W. 


36 


740 


5 5 


I.J 


I. a 


jS 






1-3 


70.0 


a.o 


H,W. 


B. April 1 1, 1 001 


37 


74 


9.5 


l^J 


i*a 


jC 






1.3 


60 .0 


S.o 


H.W. 


B. April 1 [. igai 
B. llnr. J3, 1^6, p. 


S» 


7S.O 


14.0 






JC 








Tjg.o 




H.W. 


59 


7S-^ 


.a.o 


1.5 


3* 


Pu 




ll^'Xif 

i"X3'' 




t33.o 




H.W, 


331 
B. Mar. 15^ Tqo6 


60 






















Nr Dec. A, 11103 




7S^a 


7-5 


I*J 


A.$ 








1. 17 


49-3 




H.W, 


X. 


6l 


75.0 


14.7 


1-3 


tl^ft 


sr 


«>7'S 




.6q 


3a. 




H>W. 


X. 


6a 


75. 


til .0 


1,5 






6J,5 


f'J 


1 ,13 


■ 9-5 


S.o 


H.W. 


N. Feb. 34^ 1906 


63 


T7-4 


17 














t39-4 




H.W. 


G. ist Tri.p 1904 


64 


Ao.o 


IS 


i>S 










***> 


t^.o 




H.W. 


B. Aug. 144 IQD3 


63 


•e 7 


^" 


1 .0 


9.0 











4S-0 


4.9 


H.W.& 
Ry. 


0. jst Tri*, 1904 
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4*3 
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t About. 



J T — Thacher bars. O — Round bare. J — Johnson bare. 



ban. 61. Seventeen 9" ai-lb. I beams; 36" centre to centre. 62. Seven 0" 18-lb. I beams. 

63. Spandrel wall tied to rinR. 64. Hennebiquc type. 65. Four 3"X3"X6-lb. angles: 1^3*' 

centre to centre. 66. Hennebique type. 67. Large arch has three ''hinRcs." 68. WOnch 
type. 60. Total lenijth — 354'- 70* Melantypc. 71- Skew. 7a. Monicrtype. 74- Four 
angles. aJ''XaJ"XA"' 36'' centre to centre. 75. Seventeen 10" as-lb. 1 beams. 35i" centre 

7. Five ribs; four angles latticed. 78. Melan type; four angles latticed. 



to centre. 



77. 
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TABLE II.— DATA FOR ABOUT 500 ARCH BRIDGES 

REINFORCED CON 



Name. 



Place. 



Over. 



Date. 



Engineer. ^ 



83 



84 



03 
94 

OS 
96 
97 

98 

99 

TOO 
ZOI 



Icy Glen 
Pran9ois- Joseph 



Green Island 
Third Street 

Wayne St. 

Lake Park 
Jacaquas R. 



Washington' Ave. ,So. 
Y-Bridge 



Kansas Ave. 



Park Ave. 
Schwimmschul- 
brUcke 



St. Pierre Hollow 



Gruenwald 






Stockbridge, Mass.. U.S.A. 
Buda-Pesth( ?), Austria- 

Hungarv 
Laibach, Austria 
Niagara F'lls, N.Y.. U.S.A. 

Dayton, Ohio, U.S.A. 



Peru. Ind., U.S.A. 



Portugal 

Milwaukee. Wis.. U.S.A. 

Yellowstone Nat. Park. 
U.S.A. 

Military Road, San Juan- 
Ponce. Porto Rico 

Lansing, Mich., U.S.A. 
ZanesviUe, Ohio. U.S.A. 



Route Wildegg, Swits 
Topeka, Kan., U.S.A. 



Newark, N. J.. U.S.A. 

Steyr 

Playa-dcl-Rcy. CaL.U.S.A. 
Route Waidhofen, Aiistria 
Schenlcy Park, Pittsburg. 

Penn.. U.S.A. 
Chatellerault, France 

Route Bnrmida. Italy 
Decize, France 
Munich. Bavaria 



Housatonic R. 
Danube R. ? 

Laibach R. 
Niagara R. 



Great Miami R. 



Wabash R. 



Pena R. 
Ravine 
Yellowstone R. 

Jacaquas R. 



Grand R. 
Muskingum R. 



Kansas R. 



Park 
Stream 



St. Pierre Hollow 
Vienne R. 



Loire R. 
IsarR. 



1895 
1900 



1900- 
1900- 



1901 
190s 
1903 

I 900-1 



Z90S 
Z900-2 



1890 
1896-98 



i897t 
1906 
Proposed 
X900 
190a 
1904 



M. A. C. Co. 



Melan 

Buck (Con.) 
Waldo (SUte) 

Turner 



Luten 



Tumeaure 
Chittenden 

Jackson 



Collar 
Landor 



M. A. C Co. 



Reynolds 



DePalo 

Keepers and 
Thacher 



M6rsch 



* Maximum. 

Rbmarks. — 79. Four 7" rs-lb. I beams; a8" centre to centre. 80. Three "hinges." 

Lattice ribs. 81. Three "hinges." Fourteen lattice ribs. 83. Four angles, a^'Xa^'XA". 

34 centre to centre. 85. Hennebiquc type. 87. Four ai"X3"XJ" angles; 30^ centre 

to centre. 88. Thacher type. 89. Melan type. 90. Thacher type. In plan, Y-shaped 
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ANGED ACCORDING TO SPAN— (ConZ/wMeJ). 
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' About. 



to — Round bars. 



K — Khan bars. 



[onier type. 9a. Four angles, 3"X3"X7.a Iba. Twelve ribs. 9.^. Pour angles 

"Xi"; 36" centre to centre. Thacher bars. 94- Melan type. 95. Foot-bridge 

onier type. 97. Twenty-seven ribs. Four angles, 3"X3"X7.2 iM. 98. Hennebique 
loi. Three steel "hinges." 
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Weale's Bndges 

Penn. Ry. Co.'s Blues 
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New York City, U. S. A. 
New York City, U. S. A. 
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New York City, U. S. A. 
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Abutments, Albula Railway 49 

thickness of 47 

Albula Railway, bridge dimensions 49 

Arch axis, subdivision of 54, 88 

Arch bridges, typical 1 19 

Arch ring, with constant J 29 

depth at support 46 

depth at crown 43 

fixed, general formulas 9 

Austrian specifications 45 

Axial stress, change in coordinates 5 

constant J 32 

Example i 81 

Example 2 no 

horizontal thrust, fU 24 

vertical loads 23 

Baker, thickness of abutments 47 

Bellefield bridge 120 

Bending moment, taken entirely by steel 36, 1 10 

Concrete, coefficient of expansion 132 

in compression 36, 37 

in tension 37 

physical properties 131 

plain 35, 41 

reinforced 35, 42 

Coordinates x and y 3, 5 

Croizette-Desnoyer's formulas 46 

Dead load computations 65 

Decimals, number 55 

Dejardin's formulas 44, 45 

Distortion, angular, produced by bending i 

Elasticity, modulus # 7, 8, 34, 36 
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i68 INDEX, 

PACK 

Elastic theory, reliability 37, 4^ 

Empirical formulas, remarks 4& 

Equilibrium polygon, following arch axis 51 

dead load. Example 2 96 

Example, first 53 

second 8& 

third HI 

Fiber stresses, concrete ribs 35 

dead and live loads. Example i 76 

Example 2 102, 103, 105, 106, 107 

final in Example i 8^ 

general formulas 33 

maximum, Example 2 108, 109 

polygon outside middle third 34 

reinforced concrete 36 

stone ribs 34 

temperature changes. Example i 80 

Fill, above key, railroad bridges 53 

weight 133 

Formulas, general 7, 8, 15, 26 

general, constant J 30, 31 

German practice, depth of key 45 

Granite, physical properties 129 

Horizontal loads, constant J, general formulas 31 

general formulas 26 

horizontal thrust 11 

moments Mx 27 

symmetrical 28 

Horizontal thrust, axial stress 24 

constant J, vertical loads 20 

horizontal loads 31 

dead load. Example i 67 

Example 2 96 

general formulas 10 

horizontal loads 11 

live load, Example i 69 

temperature changes 12 

unit loads. Example i 56 

Example 2 89 

Example 3 in 

vertical loads, general formulas. 11 

Keystone, Albula Railway 49 

depth of, Kxample i 65 

depth 43 

empirical formulas 43, 44, 45, 4ft 
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PAGB 

Limestone, physical properties 130 

Live load, distribution 53 

Luxemburg bridge 121 

t»„ graphical representation 17, 18 

A/i, live load, Example i 69 

unit loads. Example i 60 

Example 2 89 

Example 3 113 

mxi graphical determination 14 

^^x* graphical representation 27 

Marble, physical properties 131 

Maximum moments, crown, Uve load, Example i 70 

graphical determination. Example 1 75 

live load. Example i 68 

|)oint O, live load. Example i 69 

point 6', live load. Example i 73 

Moment A/„ general 1 2, 14 

vertical loads 20, 2 1 

Moment, maximtun A/,, vertical loads 22, 23 

Neutral axis 34, 26 

Pence, coefficient of expansion 131 

Peronnet's formulas 44 

Piers, Albula Railway 49 

thickness 48 

Rankine's formulas 44, 47 

Reinforcement, steel, area 1 24 

steel-nbs 123 

steel-rods, etc 1 24 

Reliability, elastic theory 41 

Rockville bridge 120 

Sandstone, physical properties 130 

Second example, data 88 

Shear T, 25, 32. 33, 87 

Spandrel filling 50 

horizontal thrust 50 

uniform weight 85 

weight 50 

Spandrel masonry 38, 39, 40 

weight 50 

walls 119 

Specifications, abstracts 125 

Stone, physical properties 129 

£x , computation 60 

Table I, physical properties of stone, etc 1 29 

Table II arch data 134 
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FAUB 

Temperature 6, 31, 35, 39, 40, 41 

horizontal thrust 12 

range 118 

reinforced concrete 42 

stresses, Example i 79 

Example 2 106 

Thacher, properties of concrete 131 

Thebes bridge 121 

Third example m 

Track, weight 54 

Trautwine's formulas 44t 47 

Unit loads, values of V^, y,, y^, etc 96, 97 

Vermillion River bridge 123 

Vertical loads, constant J, general formulas 30 

general formulas 15 

horizontal thrust. 11 

M p graphically 17, 18 

A^*. graphically 16 

Vj, live load. Example i 69 

unit loads. Example i 60, 69 

Example 2 97 

y„ ^2, etc., unit loads. Example 1 ^. 65, 97 
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* Phelps't PractlcAJ Mflrin* Survefinf . ..*.*..«..*.*»...*.. * . * . . Sto^ 

FowtU'a Army Omcer*B Examiner .....,,...,..,♦,..,,..,,.. umo^ 

Sharpt'i Art of Sub$istia« Annies in Wtr. .......*,.,*,,,*. iSmo, morocco 

* Tiipet ftad Poole'a Uanual of Saroaet Exersifl«a and 'Muskftry Feoctng. 

a^zDOj leather, 

* Walke^fl Lecturci, on EtpldtiVes^. . ,.,,*... *..*..... 8v0i 

* Wheeler's S\tgt Operations and Militai7 Mininc , , , .Bvo* 

Wlnthrop's Abridgiment of Military Law. . . ► . * * * * * , , , . i^mot 

WoodhuU's Noles oa Militarv Hygiene. ...,.**.,,,..*...».*.,. i6n]o» 

YouD£*6 Simple Elementa at Navigation. . .,.,,.,..« .161110^ morocco, 

ASSAYIHG. 

Tkichtt't Practle*! tnstmttions in Quantitative Aifiayinjf with the Blowpipe. 

tsmo, oiorocco, 

Fwrnsao'i Manual of Praetlcal Asumjln^. , . . , Broi 

Lodf«*fi Ifotr! Q0 Aauyinc and Metallurfical Laboratory E^perimentA . . Svo, 

Low 'ft Tcchakal Hethodi of Ore Analyais. , 8^0, 

M iller^B Manual af Asaafing. , TimOf 

Minet^s Production of Aluminum anil it£ Industrial U»e. {Waldo.).. .. lamo, 

O'DriacoIl's ffotea on the Treatment of Gold OrtB> . . , , - Sto, 

^ekett* uid Miller*! Notes on AAiayine. ......«..,«, Svo, 

^obine and LencUm't Cyanide Industry. (Le Clerc). . . . « » , . . Sy:^ 

tJlke'a Modern Electrolytic Copper Hcfining. . * . , .fcv©, 

Wilson^s Cyantde Processes. ^ . *,,,,.,».,. tamo, 

Chloriaatlon Procato. . , . f amo, 

ASTROlfOMY. 

Comatock'v Field Aatronomf for Enffitieera. . > . , , , .Sto, 

Craif *fl Aaimuth ..-......».,,».... ^ ,».*.... . ^to, 

Boolittle'a Treatise on Practical Astronomy. ,.. ^ .»,.«,.. . Bto» 

Gore*i Blemeats of Geodesy, . » , , , , , . * .*,....»,,.*.. iro* 

Hayf ord^a Teat^tiook of Geodetic Astronomy. «,....,. ,...,, fttOi 

MerriiTuin'i ElemedtB of Preciae Survejring and Geodetf. .,.,.««*«,... .6vt>, 

* Hichie and Harlow'a Practical Aafronomy. .,. h^ ..,..»...,.. . Br^t 

^ White's ElementB of Theoretical and Deacriptive Aitfonotay lamo. 



BOTAITY. 

1}m?«npoH*e Statittjcal Methods, with Special Reference id Biological VftrJatiotL 

i6mo» morocco, i 3% 

Thftmi and fi«nnett*a Structural and Phyvlulog lt«l Botany. . . ....,., t6mo» a as 

Waatermaier^i Compendium of Geneimt Botaiiy. (Scluieidedr,)^ . , , . . h^ . -Svo, 3 oa 

CHEMISTRy. 

Adrlance's Laboratory CalcuLatlona and SpecriAc Cimrity Tatika.. * . * . * . ]amo„ i as 

Alien'fl Tablrs for Iron Analysis. .>***. .flvOj 3 oo 

JkrnoWt Cojnpendium of Chemistry. (MandeL). . . . * ,^ . . . . , ,SiaaII 8vOi 1 *|0i 

Aaaten's Ifotes for Chemical Students , ^ , , . , . . lamOt I 50 

Beniadou*s Smokeless Powder.— Nitro-cellubse, and Theory of the CcUulofe 

Molecule ..,,..,,,.,,,.,*...,.. iimOi 2 50 

^ Bromilf^'s Introduction to the Rarer ElamenlL ,..,.**.,«* «... Sro, I 50 

8 



Bruf h And Penfield*! Mflnuftl of Determiinatjve Miner«l0|fT, ....,,,.,. ito, 
ClMSeu'^ Qui^titatiTe Ckemiul Analysis by EkctrolTsU. t3oltwciod.>. S¥o« 

Cqhn*8 tiidkaLtojrs *nd Teit-paprra. + ,...,■.. ► , * . . ^ , , ^ , t jmcii 

Tests and Eea^ents. .--.,,-,,,..♦.>,. ,,,,,..... 8vo^ 

Crafts's Short Course in Qualitative Cbemical AzLalyiis. (Schft«lfirr;l. . timo, 
Dolezalek'B Theory of the Lead Accumulator (Storage Battery). < Vob 

Ende^ 1 . . , ..,,..,... i imo, 

Dtpchsers Chemicfll Reactions, f Merrill L *,,»,.»*...,,,.. llniQ, 

Duhem's Thermodynamics and Chemistry , 4 BurEm.). ,..*>....*..., Svo, 

Ei£sler*s Modern High ExploBivei. . . , ,. * . ,,..»,..**.♦.. . Sirot 

£f!ront's Efizymes and their Applications. rPrescott.^. ..,....,,,.... S¥<!v 

£rdmaiin*s IntrtHtuction to Chemical PtepafaCioGB. (Dunlap.i. ....... iimOi 

Fletcher's Practical InBtnictionB tn Oi^antltAtive Asiayine with the Blowpipe. 

1 2se)«, morocco, 

Fowlcr*5 Sewage Works Analr»e& .... ianio» 

FreBeniut'B Matmal of OuAlitatlve Chemical AoalyslB. {Wellt.). , . Siwo, 
Manual of QuaLUative Chemical Analysis. Part 1. Descriptive. ( WeUft.) 6vot 
System of liifltniciion in guantJtaliTe Chemical Aoalyait iCohn.> 

3 vols. ... .^ ..*,..»., 8V0i 

Fuertes'i Water and Puhlic Health ..,*.*».*.♦»...».,»-..♦. lamo* 

Furman's Manual of Practical ABsaytn? ............!..«.... Sto, 

* Gctman's Exercises in Physical Chemistry ,.,.*.,,♦.,.,,,,,*».,* ^ I Jtioo, 

Gill's Gas and Fuel Analysis for En^ineera. , , , ijmo, 

Grotenfelt*B Principles of Modem Dairy Practice^ fWolL). ».»,,,... t3mo» 
Gtoth's Introduction to Chemical Crystallography (Manball) . , iimo* 

Bsmmarsten's Teit-book of Physiological Chcmlsi ry. (Mandet). 8v©p 

Helm's Principles of Mathematical Chemisrry. (Morgan.). . , . . lamo, 

Bering's Ready Reference Tables (ConTersion Factors)* jftmo, m^roccOi 

Hind's Inorganic ChemiEtry. . , ...... .,...,... .8to» 

• Laboratory Manual for Students , ♦ , . , tamo* 

Holleman's Teit-book of Inorganic Chemblry. (Cooper.) ..., 8vo, 

Text-bool£ of Organic Chemistry. (Walltcr ard Mott) , . , . tvo, 

• Laboratory Mantuil of Organic Cbemietry. (Watk«r.)> ......,.,, i^mot 

Hopkins*s Oil-chemifits' Handbook ........,, ^ .^^ ^ .. . Svo, 

Jacksoti*B Directions for Laboratory Work In Pbyaiolofical Ch^iEtitky. Sto* 

Keep's Cast Iron. .,,.., . ...^. . ivo, 

LaiSd's Manual of Quantiutive Chemical Analysis. .,,.,,.„,....... . lamo 

Landauer's Spectrum Annlrsis. f Tingle.). ....,,..,.,.,,,..,... gvo^ 

* Langwortby and Austen. The Occurrence of Aluminium in Vegetable 

Products, Animal ProductE. and Ifattiral Watert . .,._..,.. Bvo^ 

Lassar-Cohn^s Practical Urinary AnalysiB. (Lorenz.) , . ^latno, 

Apj»lication of Some General Reactions to tnvestigationi in Organic 

Chemistry. (Tingle*). . , , . . ,,.,.. i>mo. 

Leach's The Inspection and Analysis of Food with Special Reference to State 

Control , , . . *..,.. r . . 8to, 

L^.h's Electrothemistry of Organic CoaijKJtindf. (Loreni.), .. 8to^ 

Lodge's Notes on AtiMying and Metallurgical Laboratory Eiperlmentt. .. .Sro^ 

Low's Technical Method of Ore Analyats 8to, 

Luojce's Techno- chemical Aualysb* { Cobd. )< r * , . ^ -...,..,.* .^.., ,.i Jtao 

* McKay and Larsen's Principtes anil Praclice of Butter-makinf*, . * , . , .Svo* 
Mandel's Handbook for Bio-chemical Laboratory . , . . limo, 

• Martin's Laboratory Guide to Qualitative Analysis with the Blovplpe t^tmo. 
Mason*s Water-supply. ( Considered Principally from a Sanitary Standpoint) 

3d Edition, Hewrirten. , , * ^ .►,.►-. * .Svo, 

Eramiiration of Water. (Chemical and Bacterlolottcai). ...»., tsmot 

Matthew's The Teitite Fibres* . . . >. ...... .SfO* 

Meyer's Determination of Radicles in Carbon Compounds* <Tliifli.). . lamo. 

Millet's Manual of Assaying , lamo, 

Minet'% Production of Aluminum and its Industrial Um. (Waldo.) « , . ttmOi 

Mixter'ft Ekmentarf Teat-book of Chemistry* ,....*.*.... t2m«, 
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Morgan'a An Outline of the Theory of Solu(it>ji» aisd lit EmdIik . i ^mo* 

Elements of Physical Chemtslr;. .,.*,.,,,,,,,,.,. t imo, 

• PhyitcAl Chemistry fof ElectJiciil Engineers., i3Jt>o. 

Morse's CdiktilAtJons used in CAne-tu£«r Factbnet. .... , Jitm^t motccto, 
WuLUk«G'R General Method for the Identification of Fure Organic Cnrnpourd^. 

VqL I LMTgt Svo* 

Q*Brint's teiMratorf G^ide in Chtmical Aoaly^li, ........ ....... 8vo, 

0*Dfin:olJ*s Notes on the Treatment of Gald Ore*. ,...*.,... ^ ... . . 8vo, 

OitwiU.d'» GonTcnatiotis on ChcmJstrr. Part One. m.mna€f,},.r . ijmo, 

*• ** '* '* ' Part Two. fTumbtin/3 iimdi 

* Penfietd'^e Ifotea on Detenninative Mineralocy and Record of Mineral Testt. 

Svo* paper, 
Pklet*« The Alkalotda and their Chemtca! Constitution. (Biddle.) . . , . Svo, 
Picmer'a Introduction to OreaJiic Chemistry- J Auateii.)» ,/....-,..,.. umo, 

PoiDle's Calorific Powtr of Fuels. , . . , _ . , . . . , . . . Sto, 

pTeacoU and W inflow's Elements of Water r-acteriolOKj* with SpeciAl Refer- 
ence to Sanitary Water Anftlysb. ,.»..,,.,... lamo, 

* Beisig*t Guide to Piece-dyeing. Svo, 

ttichardsatid Woo4man*9 Air, Water, and Food from « Sanitary Standpoint, .Svo^ 
Ritketti and Rugseira Skelrlon NDte» ap&n Inargaoic Cbemistry. (Part t. 

Hon -metallic Elements, ) ........*-.,„.,,..,.. , 8ro, morocco, 

Rk ketts and Miller's Notes on AssayjQS* ,,....,., . , . Svo. 

RideiTft Sewage and the Bacterial Purificalion of Sewafe. . .,..,.,.,,. 8vO| 

Dlainfectioti and the PTe«rvatJon of Food. Bvo,^ 

RLk£B*s Elementary Manual for the C&emical Laboratoiy ,.,,,,. Sto, 

Rnbine and Lengkn's Cyanide Induetry. fLe Clercj, , , . .. y, ...... , Svo, 

Roitoaki*B Serum Diagnosis (Bolduan ). .-.►--*..,,,..*., .lajno, 

Ruddiman*! Incompatibilities in Prescriptloi^e, ,**»*,*.,,... ftvo, 

* Whys in Pharmacy . . . . . , ,.,*-* + ♦. tamo, 

Sabin'« Industrial and Artistic Technology of Paints and Vaml^. , . . gvo» 
Salko wild's Physio logka J and Pathological Chemistry. {Omdorif.). , . . 8t?o, 
Schimpt's Te^-book of Volumetric Analysis. ,,***..... t^mo. 

Essentials of Volumetric Analysis. , . , i jmo, 

* Qualitattve Chemical Anilysif Svo, 

Smith's Lecture Notes on Chembtry for Dental Student*. ... , .,.,., Bvo, 
Spenecr't Handbook for Chemists of Beet-sugar Houaea. ... i6mo, morocirci 

Handbook for Cane Sugar Manufacturers, 161110 , morocco^ 

Stockbridge's Rocks and Soils, ...,,.,.,,,..,, .g, ..... , 8to, 

* Tilhnan'a Ekmetitary Lrssotrs in Heat. . <. >.> .».,,, ..^^^ »,«. . ivo, 

* Descriptive General Chemistrf. , . ... .<.* . 4«..*.....*»i,,4,« , . Btm, 
Treadweli'ft Qunlitati^e Atsalysis. 1 HalL), . h, ,,.,.,«... « *,..,... iyo, 

Quantitative Analy&is. iHalK). .,„ Svo, 

Turneaure and Russell's Public Water-supplies. . ....,,,...., Stc, 

Van Devenier's Physica] Chemistry for Beginners. (Boltwoolt,) ...... iiiroi 

* Walke's Lectures on Explosives. . .... ...,..,_,„ Svo, 

Ware's Beet-sugar Majiufacture and Refining ........ Small Bvo, cloili, 

Washinston's Manual of the Chemical Analysis of Roeki. , . . Sto, 

Wasftermann's Immune Sere t Bsfrisioly«iiis» Cxt^toxinSi and Preeipitltis, ( Bol- 

duan. "i . ^ ........ . iimOf 

Wehreoienfiig's Analyaii and Softening of Boiler Feed -Water .,.,,,.. Bto, 
Welli'a tabormlory Guide in Qualitative Chemical An^Iysii. ....... . .Bifo, 

Short Cour&e in Inorganic Qualitative Chemical Aaialftli for Sug^iieerliig 

Students. . . unto, 

Text-book of Chemical Arithmetic ,..«......,,,.,.,,, iiniOi 

Wlitpple's Microscopy of DTinking*wattt'. ,.**......,*.*.*»..*,»♦.... 8fo, 

Wilson's Cyanide Procusaea iiiiio« 

Chlorirtation Process. . . i^«* i**/,^« «4.^. .* i3iso, 

Winton'ft Microscopy of Vegetable Foods. ,*..,.. ...._,.... S*o* 

Wuthng's Elementary Coorti tit Inorganic, Phamiaceatkalf ftnd Medical 

Chemistry* . i, ....,..,,,♦-....-..*►»......* J amo* 
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CtVIL ElfGIlfEEEma 



3RIDGES AND ROOFS 



HYDRAPilCS. MATERfALS OF ElfGHfEERHie. 

RAILWAY ENGmEERlHG, 



"fiaker's EngmMrs' Survering Icatrttiaents. . , , , ,. . . lamcit 3 do 

Biiby'B Graptdcal Computing fable, .. . ,....,.,,.. .Pspcr tqI Xa4| iji«li«s. 35 
•* Burr's Ancient and Hod era Enxinftering ftnil Uie latbmimn C*iut.. {Pcwtaie, 

t7 cents additional), ,. ^ *...,,... . ,8¥0, 3 5® 

Comfttoek's Field AstroQomf for Eagifiefirs. ...,....»,,..,, ,,,,,,... 8vo, 3 50 

BatIs'e Elevatioci iipd Stadia Tables. ._......«. *,....*,. . Bto, i 00 

Elliott's Engineering for LaatJ Dritiiuige. , » *,,**,*...*....**.♦.*.., lamo. t 50 

PractieAl Farm Drainage , . . , ,,.,,,,,,„.. i^mOn i 60 

♦Ficbcgcf's Treati&e on Civil Engineciii]^ .,,,.. ,***.,,,,^,.,.. fivo* 5 00 

Flemer's phdtotojHigraphic Hatliods and Instrument. ... .......... ivop S 09 

Folweli's Sewerage. (Designing und Maintenance.'^. *....,,.,,..,,,,. .BtOi S 00 

Frei tag's ArcbitectumJ Engineediig. ad E^jition , Rewritten ....*. .8t&, 3 50 

Frencb AJid Ives's StfrrEOtomj .,,,,,.,...... ,8ipOi a so 

Goodhue'B Municipal Improveraents. ...«....«• * . ismo, I 75 

<kpodricb'a Economic Dispos*! of Towps' Refuse . .8to, 1 30 

Chore's Elemeats of Geodeay, . ........♦..,,,,, ^ .,.,.. . SrOi 3 50 

Hayford's Text-book of Geodetic Aitronomr. ..*..,..♦.,,,.*,.. Sro, j 00 

fiaring'B Ready Reference Tallies fCotxvenion Factortl, ..,. .tCmOt raofocco, 3 50 

Howb'b Retaming Wall? for Edrth. f iinOi i 15 

* Ivei's AdjuBtments of the Engmeef 'b Transit and Level. ,.,,.,., t6mo, Bda. 35 

Johnson's (J. B. ) Theory and Practice of Surveying .Snuitl StOi 4 00 

JohuKjn'ft {L. J.) Statics by Algebmic and Graphic Uethodt, . - , . ,8vo, a 09 

l.aplace'» PhJlosoi»hica] EsBar on Probabihties. (Truocott and Eii:iofy.)-t3fno, a 00 

MalLon^B TreatiBe on Civil Eogineering. 1 iSyj..) (Wood.)- , . . ..,,... .9vo» 5 oa 

* Descriptive Geometry, , , ...,..,,... ,^ ^ .., . Bro i 50 

Uerriman'a Elements of Precise Surrey^ing and Geodeay r. ..«..., .8vOi a so 

Herri man and Brooks's Handbook for Survejron* . , . ..,..., ifSmOt iiifiroe^:^,, 3 00 

Hugent's Plane Surveying, .,..,,.. .,...,, ,.,,.,.»..*., .firo, 3 50 

Oeden'ft Sewer Petign. , , . . , ^ * ^ . 1 * . * .. i , i «...«,«**... , « lamo, j 00 

Parsons's Disposal of Huaicipal Refuso, .......... m .,.. .^ Bv»t a 00 

Patton*fl Treatise on Civil Engineering. . ^ . . . .^ .Sro half leather, 7 50 

Reed's Topographical Drawing and Sketching ,,.,.....,..,.....,».,. .410^ s <» 

Rideara Sewage and the Bacterial Purification of Sewace. , ,.,..«.,.., .Svo, j 50 

Siebert and Biggrin's Modern Stone-cutting and Masonry. ... .».*,« . SvOf i 50 

Sm i til *5 Manual of Topograph its I Drawing. (McMillan.!, .,,...,.... ..8vo, a ^^ 

3ondericker*£ Graphic Statics* with AppUcntlon^ to Trusaet, Beama, and ArebM. 

Bvot a 00 

Taylor and Thompson** Treatise on Concrete* Plain and Reinforeed.. . . 8"^, 5 00 

* Tiuutwine's Civil Engineer's Pocket-boolc ............... itimo, tmxrocco* 5 00 

Venable'i Garbfl^ge CremfftoTies in America. ..*...............,..,. 8vo, a 00 

Wait's Engineering And Architectural JuriBprudeDCB. fivo, 6 00 

Sheep. 6 gjo 
Law of OperatiooB PreUntiiury to Conatiiiction in EngloMilii£ and Arcbi* 

tecture, . . . .„,.,...,.,..,..,.,.,,,.,. ^ ...,._, . Bvo, 5 oO 

Sheep^ s so 

Law of Contracts- ...,..,,..,.,,.*,,.,.,.. fiTo» 3 00 

Worren'ft Stereotomy — Probtema in Stont^-<:uctinf» . ... h ......... . Svo* a 50 

WebbV Ptoblema iu the Use and Adjustment of Engineering Instruiijenta^ 

i6mo, morocco* j as 

Wilson's Topographic SurveTing. ................................... £vo, 3 50 

BRIDGES AKD HOOFS. 

BoUar^ I^aetlail Treatise on the Conatructiun of Iron mghwajr Bridgea. Svo, 2 04 

w Thames River Bridge, . * . ....... ....-,......*....«>**., .4to^ paper, ^ 00 




BqitIi Course on the Strenei In Uridsei and ^oat Tnu«^, Arcttcd Rib*. Btsd 

Siiipeaflion Brld^t i. , , _ . , ^ . . . ....-,, Bvo , 

Btirr ftnd FaUjc'i InfiuQDC^ Liaet for Bridge «ad Roof Comp'ttatiaai. , . 8vo, 

Deajjjrja and ConitructJati of MetalUc Bridxea. %vo, 

Da Bofi'E MecluHlcs of Encineering. VqL O. , . .Siiiall 4to, 

Fotter *s Treatise on TMtooden Trestie Bridge*. 4^, 

Fo^kr'i Ordinary FoundatiQiifi, . , . ,,,.»,*,,.,.,,.,.»,... Svo, 

Greene*! Roof Tnissei. ,,,*,.., , . , , ,...*,,,,, Siro* 

BriilgB Trtis^B. , .,........*.. Sto. 

Af c^cs In Wood* Ifon* and Stone. ,,..... ,...,.,,...,.,,.,, ,8td* 

Hi^wfl'fi Treatiae on Arches. , . . ....,.....,.,,,,,..„„,... ^SvOi 

Deiiga of Simple Roof-trusses In Wqo4 aod SteeL _ . . . . 8vo» 

Jol&nsoai Bryttd, ^nd Tuineaure^f Theory and Practice In tlie DeBlgtiJii:c of 

liodej-n Framed Structurei. ,...,,..,.. SmaU 4to, 

Merrlman and J^qoby'i Teit-book on Roof» and Bridge*: 

Pan I. Streiucs in Simple Tniues. * .,.,.. Svo« 

Part IL Graphic Stallci. , , ., .8iro, 

Part III. Bridffe Design ......*., * * * . Jvo, 

Part rV. Eigber Structures. , ♦ - .,,,.....*....... 8vo, 

If Od£on'« Mempbi^ Bridf e. * . ..,,.....♦,..,..,. . 4*0, 

Waddeirs De pDntibus, a Pocket-book fof Bridge Eoglncerv. . i^raOi morocco* 

• SpeciflcHtioni for Steel Bridges. * ,..,.,,...,.,.,.,.. lamo, 

Wrlthrs Designing of Draw-spaas, Two parte in aat voluje&a. ,_,.... .Bwop 



HYDRA ULICa 

Baxiii'i Bxperimenti upon the Contractioii of the Liq,mid Vein Issuing from 

an Orifice, i Trautwiae. K - . , . . . . ^ , , ♦ ,,..♦,,»,.*,. Sro* 

BovejT'S Treatise on HrdrauUcs. ,.*»,*..*,,,,..,. Sto, 

Cborch's Mechanics of Engineering. . * .-,,. ^ Svo, 

Diagraios of Meftn Velocltjf of Water la Open Channali. ...,,,.. P«pef , 

Hydraulic Motors, Svo^ 

CofBn'l Graphical ^lution of Hydraulic Problemi, . . , . l6mo, moroceo, 

Flather's Dynamometers, And the Meastir«iQ«Qt of Power. . . «,..,..,. timop 
Folweirs Water-supply Englneeripg. .,,,...,.,,....,.».....,...,.. tvo, 

FrireH*! Watef-power. , .Bto, 

Fuertes's Wjner and Public Health, . Jimo» 

Water-filtration Works. ... iimo, 

Oanguillet 4nd Kutter's General Formula for the Uniform Flow of W«ter in 

RJYerE and Other Channels. {Hering And TrautwineJ. . , 8vo, 

Ba£en*s Filtration of Public Water-Supply, .,..,...,....,.,.. Bvo, 

Bazlehurct's Towers and Tanki for Water- works. ,..,,...,...,. Svo, 

Berschefs 1 [5 EKperiments 00 the Carrying Capneity of L«rfe, Riveled^ Metal 

Coodulte. . Bvo^ 

Hason^B Water-supply. (Considered Priacipally from a Sanitary Standpoint. 1 

8T0t 

Meffiman'* Tr»ati»e on Hyvira^es. , Svo, 

* Michle*f Elements of Analytical Mechanic*. . * Sto^ 

Schuyler'i Reservoirs for liTigatlon, Watet -power* and Domestic Water- 
supply. - ^ ,.,..,., H. ., . . Large 8to, 

** Thomas and Watt's ImproTemeiit of Rivera^ (Post,, 44s* additJoaaLK4to, 

Tumeaure and Russell's Puhllc Water- supplies. ....._.,...... Svo« 

Wegmann'fl Design mnd Construction of Dams. . ♦ 4to, 

Water-supply of the Citr of Hew York from 165S to 1S05 . , 4to, 

Wiliiamft and Hazen's Hydrauhc Tablet. .,...,..,,......, , , , SvOp 

WUsou*s Irrigation Engineering.. ........,.«,......,,...,,.«, .SteaU Sto* 

Wolff's Windmill at a Prime Mo^er. ,, .•,.............,,..,. , Bto, 

Wood's Turbines. . . , ...,*. .**...,»«.,.,,«.,. .StOi 

Elements of Analytical Mtchaalca. ..,.,,,.*,*.,,.,. <8vo* 
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MATERIALS OF ENGINEERUIG* 

Baker's Treatise on Maionry C^astnictJoiu » , , ,. ,,.,,............ Svo* s oa 

Roadi «.nd PAV^meatB* . . . , ,.....♦,* ♦ ,...,. 8to, s «a 

BlAclc*s United Stat«fi Public Works ........................ Obka^ 4t(i, 5 o« 

* Bovey's Strrnftk of Materials and Theory of Structures fivo* 7 50 

Bufr*i Elftsticity and Resistanec of the Materiab of Enffineeriitg. , Svo* 7 50 

Byrne's HJ^hwny Construct toD, » .__,.. BfiJi 5 ih» 

Iiisoectioa of the Materials and Workmanship Eiraplojed In Conxtouction* 

l6m<i, 3 pa 

Cburcli*s Mech&ciics of Eoeineerliis. .....,...»..., .,..*,...... 8to^ 6 00 

Du Boh*t Mechaaks of Engineenne. VoL L -....*....*.***.. * .SmaU 4to, 7 50 

*£ckje.'s CemenU, Limes, and PliLstcrg Svo^ 6 00 

Jobnoois^ Mat«rmls of Construction. Laixe 0T9» 6 00 

FoT»Jer's Ordiiiary Foundations ,,,.,.,.., .Bto, j s* 

• Qreene's StructuraJl Mecbaalcs,. ...... ................ . , . .Bto, 3 50 

Ketp's Cast Iron, ,,,,.........,.,,...,,,...,...,»,.». ^ .,,,,.,,.. ^ ,§¥0, 1 50 

Laii^a's Applied Mechanics. .,.,., ♦_.*.,, .Bvo, 7 50 

Marten*^ aaodbook o^ Tcstiuff M«refl«l8. {Heaitliif .) 3 Tob. .8¥0» 7 S« 

Haurer's Technical Mechanics. ....,...,,.........._.., Svo* 4 00 

MeiTill'fl Stones for Building and DecoraUOD. .......*».....,. Svo, S «« 

Memman*B Mechanics of Hatcriali *.».....,.... .S?o, s 00 

Strength of ftlatenals .,.,.,,..,,,... |,. , . lamo, 1 00 

Metcail's Steel. A Mantiai for Steel^userf. ♦ . .^,.. i r.T^.fV,"^-;*. iiimo, a «* 

Pattqn*s Practical Treatise on Foundationa. ,..,.,,.. , .SvOp 5 00 

Richardson's Modern Asphalt Pavements . _,,...«.«...,.. 8to» j q« 

Richey's Handbook for Superintendents of Construction. i6mo, mor.« 4 00 

Rocleweirs Roads and Pavements in France. .,..,..,.,.. .lamo. 1 as 

Sabin't Industrial and Artistic Technology of Paints and Varnish. . .... Svo, j 00 

Smith's Materlab of Machines. ... ........,,.......,-,....,.,.., . lamo, t «* 

Snow^s Pdncifial Species of Wood ....«.«... • Bvot 5 s^ 

Spalding's Hydraulic Cement _.......,........... i»mo, 3 o« 

Textbook on Roads and Pav^ements. , .tamoi > 00 

Taylor and Tfaompson's Treatise on Concrete, Pkli} and Reinforced,. . . . h8to« 5 oo 

Thurston's Materials of Engineering. 3 Parts.. . ,.,,.... 8vo, 3 00 

Part I. No n- metallic Materials of Enfflneeribt and Metail^gy. . . . Svo, ? 00 

Part II. Iron and Steel. Bvo^ 1 so 

Part in. A Treatise on Brasses, Bronzes, and Otbit Allo^ 4ad tbeir 

Constituents. - ....,.* . . .*....,.. Sifo, a 50 

Thurston's Text-book of the Materials of Construction. . >,..... , . ^ , ,8^0, 5 00 

TiUBon*s Street Pavements and Paving Materials. ,8to, 4 00 

WaddeU's De Pontibus. (A Pocket-book for Bridge Engineers.). .i6mo»m«r,i m qo 

Specifications for Steel Bridges. ..... ^ ,.,...,..,..,..,.. lamo, i 15 

Wt»od*s (£e V.^ Treatise on the Resistance of £iaterials» and an Appeodia on 

the Preservation of Timber , .,.,.,......,... .Svi»« a eo^ 

Wood's iDe V. > Elements of Analytical Mechanics. _ . .Svo, 3 00 

Weod*B CM. P.) Rustless Coatings: Corrosion and Electrolysis of Irion «(ul 

Steel. ...,,,. ........... ..... ,,*..,*, .a*o, 4 Q^ 



RAILWAY ENGINEERING. 

Andre w*s Handbook for Street Railway Engineers.,, . j^ Inches, morocco, ] 39 

Berg'a Buildings and Structures of American Railroads 4tOi 5 00 

Brook's Handbook of Street Railroad Location. . ........... t6mo» motvcto, i 31O 

Butt's Civil Engineer's Fie^d-book. ..,....,.,,.,. .«^^ .... i6mo, morocco* 3 s^ 

Crandail'^ Transition Curve ...........,.*««,«. ^ .. . i6mo, morocen, i 30 

Railway and Other Earthwork Tables. »6to, t s<> 

Dawson's "Engineering" aad Electric Traction Pockat-book. . i6mo, morocco^ 5 ^o 

8 



l>r«ilCfi*t Hiftory of the Ptnnsylvmiii Hailfoad: rtlTO) Paper, s cto 

* Drinker** Tunnening, EipJoflve Compounds, ind RiKk I>nllt.4to,bBlf mor., 35 00 

Fisber'4 Tible of Cubic Yirds Caidbonnl^ 15 

Godwin*! RiLi^ofid Enffinerrs* Fleld-hiuoli tad Expbrei^* Guide. , i6mo,mDr., 1 so 

fiowAfd'ft Trmniitioti Curve Field-book, » , i6m©, mor«cco« i S<> 

£ti4ioA'i Tubles for CAlctiEatins tbe Cubic Contents of £xc«T»ticmt »ixd Em- 

b*nkmenti. . . , Svo, 1 00 

IfoUtor »n<i Beiird't Miinual fdt^ Eeaident Eniflowfi, ,,.,.,.,, . , 16016, i 00 

ICaete'a Field Mtau^l for Rmib^oad Eneineers. . . . . , i(lmo, morocco, 3 00 

Phiibrick*! Field HsniiAi for Eoeineen. ..,.,........». i6mo, morocco » j 00 

Seuies's Field Eofineertuc. . , . , » * . . . i6mo* morocco, j 00 " 

RAiirond SpimL ... . * ..,.., i*ino, m»r«iCo, t 50 

l^ftot'i Prismoidel FormtiliE mod EarlbwoTk. * _ , , , , . Sto, i sa 

• Trmutwine*! Method of CAl^ulatme the Cube Coot«fi^ of Exwvatton* »od 

Hmbttnkmeats b; the Aid of Di«Er*n». _ Svq, j go 

Th« Field Practice of laying Out CiicuUr Cutset for Railroads. 

i:»mo, moroccof 1 so 

CroftS-sectlon Sheet. .,......,. , ... Puper, 15 

Webb't Raliroad CoiKtnittion. ., . . - . , , i^ino, morocco, s 00 

WeUingloo'a Economic Theory ef the Location of iUilw»yi. » , . . . .Small Syo, 5 00 



DRAWING, 



Barrel Kiaeinatici of MAchioerf. .....*.................. , , %wy, 

« B*rtlett*» Hechanical Drawing. ..«,................**..,,..,... Sto, 

* ** " " Abridf*dBd.. 8to. 

Coolid«e*i Haiiuiil of Drawlof * , , . . . Svo, fiapef 

CooUdse and Freeman's Elemeati of Cenerai Biaftiuff for Hechanical Ertgi- 

neen. ,,,..,, ,...,.,..,.,....,. , .Oblong 4to, 

DiiTley'fi Klnematie* of Machines. . , , , , , . . , . . . 8v*, 

Emcb'a latroduction to Projective Geometry and tti Appiicationa, ..,.., ,8yo. 
Mm** Tejrt-boQk on Shadea and Shadows, and Penpective. «#.....,,«.. ,llvo, 

Jamifton'fl Elements of He^hauieal Drawing. ,,,* Bto, 

Advanced M^cbanicat Drawing, .,..,. , .fiyo, 

Joncft*i Macbine Design : 

Part I. Kinematics of M&cbinery. .........._.,,>.,.,....,,.. .8to, 

Part n. Farm, Strength, and PToportlqiis of Paila. . ,.,.,»....,. ,Sto» 

MacC<ird^s Elements of Descriptive Geumetrr. ... ...,....»,.,,«,,., .Avo, 

Kinematics » or. Practical Mecbanlim. ., # . . . » Bvo* 

Mectianical Drawings - ►. ...........* * 4*0, 

Veloiity Diagrams , ....,,..., . , ......,,,,,,.. Svo, 

MacLeod's Deicrlptire Geometry,, ,,,..,.._....., Smalt Svo, 

* Maban's Descriptive Geometry and Stooe-ciiWidf . . , .............. . fivo. 

Industrial Drawing. (Thompson. ). . , ..,....,........*.*.,,. ^ . ,8vd, 

Moyef's Descriptive Geometry. , ..,..,.,,,,, .fivo, 

Reed*B Topographical Drawing aad Sketching ......*...*,,. .4to, 

Raid's Course in Mechanical Drawing. * , ..*.,., h. ... . .Svo, 

Te^t-hook: of Mechanical Drawing and Elementary MadUae Design. ivo, 

Robinson's Principles of Mechanism. ,....,....,... . . ,8vo, 

Schwamb and Merrill's Elements of Mechanism. . . ....,,,..,* ^ , * ,., , .8to, 

Sratth't {R. S.) Manual of Topographical Drawing. (McHiUaa.). ..... .Sro, 

Smith iA. W.l and Marx's Macbine Design. , , Bvo, 

Warren^s Elements of Plans and Solid Fres-hand G«<tatetrleal Drawing . 1 amo, 

Draftif;e Instrumeidts and Operations. ...,.,.,, .lamo, 

Mviual of Elementary Projection Drawing. ,..,...., ,,..... .ijmo, 

Manual of Elementary Problems in the Liaaar PtonpectlT^ of Foim a ad 

Shadow ...... ....... t .,,.,.♦,, + ,,....,,.. . j^ lamo, 

Plane Probiem* in Elementary Geometry . ..*..,,,,,».,»»..,.. . tamo^ 
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Tf arrears Primiri' Geometry . , . , -,.... . *..... i3ino» 

ElemBUtB of Descriptive Geometry, Shad(»i|i, tud l»er»p«tiv«, . •.- . .8w* 
General ProbiemB of S1ude« and Sbjldow» ..«,.......,...,....«. .StOi 

EJcmenti of Machine CooBtructioQ and DrBwios. ...... , . . . .Bto, 

Probleois, Theorems, and Examples io Deicriptive Geo£QetiT> * . . . .8ti$» 
Wflbt»a{:h's Kinematki and Power of Transmjs&ioo. (Hemumn and 

Klein ) , ...,., ,flTO, 

Wbelpler^a PTactli^l titstmetion in the Art of Letter £[icnirio«. . . , . , .t»mo. 
Wll6oQ*i (H. M. ) TopotTaphic SuireruMf. ....,*.*.,»..,,..»,..,.,... .flTO* 

Wilwu'B (V. T, ) Free-hand Per8p*ctiife * . 8to, 

Wllaon'i (V. T.l Free-hand Letterine ,..,.,..,„,.. Bto^ 

t Wootf*s Elementanr Coune m D^scriptiFa OeometiT ,L«rf» 8w, 

ELECTRICITY AND PHYSICS. 

Adthonr and Brackett'i Text-book of Phyalcs. (Bfafie.), .....,, Saudi Sro, 
Anthony's Lecture-notes oo the Theory of Blectrieal Ueuuremeati . . ttitio, 
Beojamin's Hialory of Etectticity, ..,*,.* , *.,...*. h Sto^ 

Voltaic Cell , , .....*.....-... Swj, 

Ctassen'B (Jmnititative Chemical Awilfili My EleefTolysis. fBoltwoodJfliro, 

Crehore and Squier's Polarizing PhotoH:hronograph. , Svo, 

Dairs^p'a "Enffineeriim'* aod Electric Traction Pocket-book. t6mo» ou^rocco, 
J>ole£al«k's Theory of the L«ad Aecumulator (Siorafe Battery). (Yon 

£nde. >, . , . . . , lamo, 

Duhem'fi therniodynamics and Cbemiatrf. fButgess,), ,..,.........< Svo. 

Flather's Dynamometers* and the Heasitrement of Pawer. . , ..,.,... .lamo, 

Gilhert*B Dc MaffOete. (Mottelay. ) ^ **,.,-*,,,.,.**.*** - .Bvo» 

Hanchett's Alternating Currents Explained. ....,,,,.,,,, , i3mo« 

Herinff'B Ready Reference Tables fCanvenioii FattOrtl. , ... .i6m«, morocco, 
Hdlmaa*B Precision of Meafiureoientfl .,..,.. 8vo, 

Telescopic Mirror- scale Method, Adjustments, and Teeta. , , .Laige 8to, 
Kmibnmiier*^ Testing at Continuo^a-cDrrent Machine!^ ... .......... Svio, 

Landauer's Spectrum Analysis, t Tingle.) ............ Bvoi 

Le Chatetler's High-tempera hire Measiiremeats. (Bondotiard— Burcem.) i^fuo, 
Loh's Electrochemistry of Organic Compounda. (Lorenz.), Sto, 

* Lynns'i Treatlrie on Electromafnetic Phenamena. Vols. L and H. Kvo,each, 

* Hichie^a Elements of Wave Motion Relating to Sound and Light. Svo, 

Niaudefs Elementary Treatise on Electric Batteries. (Fish back.). . ■ tamo, 

* FarstLall and Hobart^s Electric Machine Dni^n 4to, half morocco, 

* Rosenbere'B Electrical Engineering. (Hatdane Gee — Kiozbrunner.)* . ^Bvo, 
Eyan, Norris, and Hoxle^s Electrloal Mi chlnery. Vol, I, ,# .......... , .Svo, 

Thurston's Stationary Steam-engines. . k .... ^ * . . , 8*0, 

* Tlllma.n*s Elementary Lessons in Heat ....*. ^ ... . . S^o, 

Tory and Pitcher's Manual of Laboratory Physics. . « , ...,....,, .Small Svo, 
Hike's Modem Electrolytic Copper Eefining. fivo. 

LAW. 

* ]>avla*B Elements of Law. * , . _ .....,,,...., 

* Treatise on the Military Law of Uafted SUtet. Sto 

* She«p, 

Manual for Courts-martial. ._._....*........,« ^ i6m4>, morocco, 

Walt's Bitginecfing and Archltccttital Jurispmdenct. ...... 8to, 

Sheep, 

Law of Opermcloiu Prelfmiaarr to Conttmction In Engfneertnf and Archi- 
tecture. . ^ ,,.,.,,,!,». ..,...«.., Bto 

Sh««p, 

Law of Contract*. ... . , . . , .....,.,.....,..,.,., .Svn, 

Wtnthrop'a Abridgment of HUltarr Law. *,,,,•.,,,.. ,.. , 

10 
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MAKUFACTXmES, 



B«ra*d<iu*i Sniok«l*BS t^^Jwdar—lTltro-eellaJoM end Theorr cf tJii CetluloM 

Moleculfi .,,,.*..., *iimo, 

BoLUnd** Iron Founder. *....*.*.*♦... ,.,.,.,,,,.,, iim&t 

'" Thtf Iron Founder," Supplemont » ,,, iimo,. 

EDcyelopedia of FoundLnf and DLctionuy of FouQdf7 Timju Utsd in tbt 
PTRctJce of Motildinsr. ,*,.,*,............,..,.... i3mo« 

• Ecliers Ccflienis, Lim«, and Plaited. ..»..*.,, *.*♦,*, .Sva, 

ELuler's Modcra High Eiplot lyei. *.,.-..*..*..»«*.*,,.,...,,».».,. ,Bto, 

EfFront'^ Enirmes and th*ir AppUoitiont. C^*f«Kon.)* • .-,-..*. ,8¥0, 

FiUgerald'B Boston Machitikt *.,*-..**.,*,.,♦*,*. , . lamoi 

Ford'fl. BoJIer BSakinr for Goikr Maken. ,,....,,.«.,.... t&nto, 

Hopkln^a Oil-cbemiets* Handbook , ,,,...,,. ,.*..„, Rvo» 

K«p*B Ca&t Iran. , _.,.....,.,,,,.,,,.,, . avo, 

L«a«h*t The Inspection and AjtalyaiB of Food with Special Reference to Stata 

Control, , , , . Lar^e 8fo> 

• MeKay and Larsen's PrLnclpte« afid Practice of Butter-making. . , , . Sroi 

Matthewft't The Textile Fibres 8vo, 

MetcaM'B Steel A Manual For Steet-usera. , iimoi 

V«tcatfe'» Coiit of Ma^aufactuies— And the AdtaieufitratloQ of Workshops . Sto, 

Meyer's Modem Locomotive Construction, .,....,.,»...,.., j^to» 

Moric*s Calculations used in C^ne-sugar Factories , . .i6mo, morocco i 

» Reif ie's Guide to Piccc-dyelng, . , . , , . , 8vo, 

Rice's Concrete -block Mantifacture. , ........ .8vo» 

Sabin'B Industrial and Artistic Technolofy of Paints and Vami^ «...,. 3vo* 

Smith's Ptess-worklnf of Hetala. ....,,.....,....<..,... , , fivoi 

Spaldii3i£'» HrdrauUc Cement. . . , ismo, 

Sp«ncer*B Handbook for Chemists of Beet-suear Houses. .... i(lmOt moroccOi 

Handbook for Caiie So far Maratifacturere i6mo» morocco » 

Tar [Of *ad Thorn pBon*B Treatise on Concrete ♦ Plain end Reinforced. . . 8to» 

Tharston's Hanual of Steam-boilem* their Designs,^ ConstrucUoo and Qpera- 

tlofl. - . - . , 8to, 

• Walke's Lectures on Explosives. . . . ^ ... ^ >.*,.,... . 8to, 

Ware's Beei-sugar Manufacture and ReAnint- .................. Small 3¥o, 

W«flfi American Foundry Practice* ............................... i imo^ 

Houlder^fi Tezt-book. ...._...*......,.,,..,**.,.,., ^ . * . . umo^ 

Wolff's Windmill as a Prime Mover ....,_. 8vo, 

Wood's Rufltiess Coatings: Corrosion and Elecb-olTsis of Iron and Steal. .8tOi 
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MATHEMATICS, 

Baker's Elliptic FuacCloni. ».,.....«.., ^ ... ,,,.......,.,,*,,. . Sto, 

* Bass's Elements of Differential Calculus. ........*...,. . ismo, 

Brigci's Elements of Plane Analytic Geometry i^mo, 

Complon^A Manual of Logarithmic Computatloaa.. ....*............. txmo* 

DsTts*a IntrodaciioB to the Logic of Algebra* *,.,..«.. k . . . . ftvo, 

* Dickson*) College Algebra. . « Large ismo* 

* Introduction to the Theorr of Algebraic Et^uations. ....... Large tamo, 

Bmch's Introduction to Pro>ectiTe Geometiy and its Apphcatioiu, . . . . . , fhfo, 

Halited^s Elements of Geometiy. ,....,....,....,.*.,,..««.,*,»,.,, BrOi 

ElementaiT STf^thetic Geometrr, *.•.,,,.,,..... ftro, 

Rational Geometry. h ..... , ..... ismo. 

* Jolinsoo*s (J. B.) Thret-place Logarithmic Tahki: Vest-pncket »ite. paper, 

100 copi«» for 

* Mounted on h^Kwj oudboard, 8 X to Indies, 

10 coplM for 

Jolmson*^ (W. W.) Elementary treatise on Differential Calculus . Small 8to« 

EleraentarT Treatise oa the Integral Cakulus ,..,,.,*,*»,* .SmaU B-w^, 

11 




JohasoQ'a fW* WJ Cufvt Tmcing Iti CartesljtD Cn-ordmatct umo, i oo 

Johonm^i iW* W.) Tt«ati!ie oa Ordinmry and Ptitial 04Jler*ati*l Equation*. 

Small Sto. 3 50 
Johnaon'a ( W. W.) Theory of Error* acd the atctho4 of Least Sqyam iimo, i ,tn 

• Johiuon'i (W. W.\ Theoreticil M«chanks. . tima^ 3 00 

Laplace's Philosaptiical EatLj on Probabilitieit. ITnucott and Emorr. ) 1 jmto, 3 00 

• Ludlow and Bast. Elements of TrigooomeUy *nd LogariUwiik and Other 

TabJfs. , . . . , J . . . . , Svo, J €» 

Trigonometry iind Tablee publisbed separately , . . , . . Etch, 3 tm 

• Ludlow'& Logaritlimic and Trigonometric Tabled. » . , 8vog 1 00 

Manniog'f Irratlcnal Numbers and their Reprtsenlit'on by S«qoeace£aiidS«Het 

i?mO| J 35 
H«them«ticft] Monogtftpbs. Edited br Maaaiield Menriman and Robert 

S. Woodward. ... ... Octavo* eadi t 00 

Ho. I. History of Modern Mathematicst by David Eugene Smith. 
Ho. 3. Synltietic Projective Geometry^ by George Bruce Balstcd. 
Ho. J. DetermlnantSt by Laenas Gtfford Weld. Ho, 4, Hypef- 
bolic Functions, by James McMahon. Ho. 5. Harmonic Func- 
tions* by Willi am E. Byerly. Ho* 6. Orasimaim's Space Analysb» 
hf Edward W. Hyde. Ho. 7. Probability and Theory of Errors, 
by Robert S. Woodward. Ho. S, Vector Analysis and C^uatemlon«, 
by Alexander AfacfarUne. Ho^ 0. DiflerentUl Equations^ by 
V/illljiiiii Woobey Johnson, Ho. 10, Tb* Solution of Equations, 
by Mansfield Merri man. Ho. 11. Functionsof a Comple^i Variable, 
by Thomas S. Fislte. 

Maurer^s Technical Mechanics 8to, 4 00 

Merriman's Method of Least Scfuares. , Sto, a 00 

Hice and Johnson's Elementary Treatl« on the Dlfftfeotlal Oilcuhia. Sm. Sro, 1 00 
Ditiferential and Integral Cakulys. a vols, in one. . ........ Small Sro, a 50 

Wood's Elements of Co-ordinate Geometry. , Svo, 1 00 

Trigonometry J AntlyUcal, Plane, and Spherical umo, i »q 



MECHANICAL EUGirfEERmG. 

MATERIALS OF ENGIHEERIHG, STEAM-EHGIHES A7C£> BOILERS. 

Bacon's Forge P.'actice. ..,......,,,,. * . , , iiniOi i s^ 

Baldwin's Steam Heating for Buildings. ........................... Umo, a 9^ 

Barr's Kinematics of Machinery. ,. . , ..» ,«i . ^c ««*,,....* f. * ^ . 6vo. 3 so 

■ Banlett's Mechanical Drawing. Bto, 3 00 

* " ** *' Abridged Ed, ^ ,.*.., k^. .,«•,.,«,., _Sm, i 50 

Ben)a£^ia*i Wrinklei and Recipes. . . ,«,..«,< ,i»«^«i .•,., , i^tnot 3 fw 

Carpenter^s Bxperioiental Englneenng^ « « . ..... ^ .... *'. i^ *;«.*••.. . . ,Sto, 6 iHft 

Beiting tnd Ventilating Buildings. ,.,... .^ ,...,.,,,..,.,., .^ .,., , Stoi 4 00 
Qiry*% Smoke Suppression In Pianta uaiog Bitttminoua C«aV (In Prepara* 
tlon/j 

C]eric*s Gas and Oil Engine, Small fivo* 4 no 

Coobd^e's Manual of Drnwing. * . ...........,,.»,,...... Svo, paper, i 00 

CooUdge and Freenian's Elements of General Drafting for Hiclianical En- 
gineer* ,,..».♦*,.»,,.,.. Oblong 4to, 3 so 

Ctomweirs Treatise on Toothed Gearing . . , + ..,..,..,.. . i2iao« 1 50 

Treatise on Belts and Pulleys* ,,...., ..*..... . * ... ....,.,...««... lamo,. i so 

Durley't Klnematici of Machined. . . . . , ..*»....,..... .„....., Sto, 4 00 

Fiather's Dynamometer* and the MeaBuieoient of Pow«f. .... .... tamo, j 00 

Rope Driving ......*.*,.».,..,,. llmo, $ 00 

Giir* Gai and Fuel Analysis lor Engineers, t ...*........«.*,........ tamo, 1 35 

BaU^s Car Lubrication. * ..,..>......*,.. ^ ^ , * .. . lamo, 1 00 

Bering*! Ready Reference tables (Coaveif ion Factor*). ...,* t6ffiO, moroeco« 3 so 
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Eutton'S The Gai Engint. . . . , . . !^^^^^^^^^^7, , ,.,*,. .Sro, 

Jmmi9on'm MechantcaJ Drawing, ..,*.*... ^ ,.. * ♦ * ^ ,,♦•.,***,. » ,8W| 

Jon«*s Mucl^jne Design: 

Part 1. Kitif:mAtJc$ of MAcblncrr, , , ,8vti. 

Fart H. Foim* Strenfiftb^ and Proportions <it PArts. » , ........... Std, 

Kent's Sfecluiiicftl Enginecn' Pocket-book. .,,*,,,....*., ^lOmOp mi>roccf)» 

Kerr'B Power asd Power TrAnstnissiott* .....,., .... Svo. 

Leonard'^ Machine Shop, Tools, and Mcthodf ^ . . . . Svo^ 

* Lorenz's Modern Eefrlieiatinf Machinery, i Pope, Haven, «nd DtuUL, ) , Svo* 
MacCord's Kinematic?; ofi Pfacticai Meebaaism. ..,..♦ »,.,.... 8to, 

Mechanical Drawing. ,*,..,.....,.**».....«.......« . , 4to^ 

Velocity Diat^am^. * . * ,.,.,,►.... + *, , t . , Svo, 

MacFarland'fi Standard Reduction Factor* for Gaiet. ,,♦,,.». Ito, 

Mahan's IndustrJiaJ Drawing. (Thompion.). . . , , . .8f<j, 

Poole's Calorilic Power of Fuets, *>*.,>..,.,.»..*,»,.,♦,.,,,.,..,. Sto, 
Beid'» Course in Kechasiical Drawing. .,,....,,......,.._ Bt&t 

Text-book of Mechanical Drawing and Ebm^nlarr Macbime Design, Sto* 

tichard's Compressed Air ,,,..,,,.... latao, 

Robinfion'fl Principles of Mechanism. ...... .,,,, t .,%■*.* . Bvo, 

Schwamb and merrilJ*s Elements of Mccbanlsia. * . , , . . ,.,♦,.. Svo, 

Sraith*8 lO, J Presa- working of Metals^ * ..,..,..., Svo, 

Smith (A. W.> and Marx's Machine Dealgn, . Bvo, 

Thurston's Treatise on Friction and Lo*t Work io M*chineff and Mill 

Work Bto, 

Animal aa a Machine and Prlmt Motor. »od llie Law» of EnerEctJcft, tsmo, 
Warren*s Bte meats of Machine Construction and Drawing. . ,......, .ftvOi 

W«j*bach*s Kinematici and the Power of Transmission. (Bcrrmatio— 
Klein,), . iTO^ 

Machinery of Transmiaaion and Goveraon. (Eernaann— KEein.) , 8to, 
Woiff*t W indntiU aa a Prime Mover* ,.._,,._- _..,..,_.,.,,_,, 8^0, 
WufMl'i Tarbinei. . « ^ --***•♦» Bv0» 



MATERIALS OP ElfGITrEERIlfG, 

* Bover*B Strength of Materials and Theory of Str^idtnres. , Sto, 

Burr*s Etastjcity aod Real stance of the Materials of EngineeriDg. 6II1 Edition. 

Reset. .t- *,.-*..- 8¥ft, 

Church's Mechanics of Enurineering. , ^ .„...*,..,. Svo^ 

• Greene's Structural Mechanics . . . , .^ fivo, 



Johnson's Materials of Construction. .♦...,,..- 8vo, 

£eep'i Cast Iron. . , .....,.., 8vo, 

I^anxa's Applied Mechanics ....,...*. h. .«.«. . Sto* 

Martens's Handbook on Testing Materials. (Kenning.) ............... Svo, 

Maurer'* Technical Mechanics. , ^ - , * . - » * , ^ 8v^, 

Merriman's Mechanics of Matertnli , - , , , . . Bv©, 

Strength of Mflterialfl .........*, iimo, 

Metcalf'ft Steel. A manual for Steet-uaerv. , * . . . , , , . * lAino, 

Sabin's Industrial and Artistic Technology of Palnl* and Varat^. ...... .8to^ 

Smith's Materials of Machines . . . tlmc^* 

Thurston's Materials of Engineering. . * .._..,.............., | tok., 8to, 

Part II, Iron and Steel . ..... ■ - BWi 

Part IlL A Treatise on Braaaea^ Bronzes, and Oth«r AUoti Add tlieir 

Conitituenta. * .8*0* 

Tcit-book of the Materials of Ccnatruction* ... .*.»-...-*..♦***. ^ Bvo» 
Wood's {De V ) Treatise on the Resistance of Material! and an App&adli on 

the Pre*ervaiion of Timber . * . . , , . . Bvo, 

Elemeata of Analytical Hecbantfis. .................... .8to, 

18 



7 50 



3 SO 
til 00 

7 50 
7 SO 

4 00 

5 *o 
I do 
1 00 
3 00 
1 (» 

a 00 
J 50 

a 50 
S 00 

3 00 
J 00 



L 



Wo4^*i (M. PO Rmtlen CoAtlngt: CotftMiom end Ekctrolfila of Iroo Asd 

STEAM-ENCmES /UTD BOILERS. 

Berry** Temper a Hire-«titropF Dlacnm. .......,.,..,,,....,»,.,.»,.. 121D0, 1 15. 

Camot's Reflections on the Motive Power of Hc*t. fThuratoa.). - . * . , tamo. 1 50. 

BavBOn's "En^meering"^ And Electric Tnctfon Pocket-book. . . .i6mOt mt^r.* 5 &<» 

Ford's Boiler ME^tins for Boiler MAkerft. , . ..,..,........,,... iBiiio» l dCi 

Goia^a Locomotive SpBrks. , . . . . .8to» 3 00 

Hcme[iw»?*Bi Indicator Practice and Stenm-eocioe Ecottom; ismo, 3 e>o 

Hutton'G Mechanici.1 Engioeei-inc of Power Pkuits. .............. ^ .., . Sto. s 00 

Heat and Qeat-enEiiie«. .................. Jvo. 5 00 

K«nt'B Steam boiler EconomT* .. ^ Bvo, 4 oci 

Eneau's Practice and Tteorf of the Injector, ......,,,,,...,......,.. Svo, j 5«>. 

MacCord*s Slide-vairei. , , , . . Bto^ l 0« 

Meyer's Modern Locomotive Constmctioo* .,,.,.*.♦...*............ 4tO+ f o o* 

Peabodf *s Manual of tbe Steam-eoeine Indicator. , . . lamo 1 sa 

Tables of the Properties of Saturated Steam and Other Vapors , . . , .81^0, 1 oa 

Thermodynamic £ of the Steam-eneine and Other Heat-eaeices^. , . . Bto, 5 ao^ 

Valve-K^ears for Steam- e^^Eiaes^ « 3vo« 2 50^ 

Peabody and BliUer's Steam -bo i' era. ...... .....-,..,,..,. ^ .. . ... 8*0, 4 oo» 

Pray*i Twenty Yedj^ with th« Indicator. .».........,....,,..,. .Lars« 8to« a 51V 

Pvplo'B Thermodynamics of Reversible Cydaa in G«*«& and S«tu»teil Vapors. 

(Oiterber^.). .... , lamo, i aj. 

Reaffan'f Locomotive! : Simple Compound, and Eieetric. ........... , jimo, 2 50. 

RoutEcn^s Prindples of Thermodynamics. (iy\i Bob.). ... .Svo, 5 o<> 

Siiiclftir'fi Locomotive Engine Runnine and Managemeiit. ........... .ilmo* 3 o<^ 

Smarts Handbook of Eofineerine Laboratory Practice. ,.t .....*..... . imo, i s» 

Snow's Steam-boiler Practice. ....,,. 8to» j «»' 

Spiaii«ler*s Valve-gears. . . . * ...... . .Bvo, 2 50. 

NotwB on Thermodynamics . . ............ ^ . , iimo, i o^ 

Spang lerp Greene, and Marshall's Elementa of SteamHtncineeTlnff ....... .8vo, 3 oa 

Thomases Steam- turb i n e» . .,,...,.........,.,.., ^ ................ . 8vo, ^ jjq^ 

Thurston*B Handy Inblea. ,.,,.,,...*.,.,.....,., .8iro* I 5<> 

Manual of the Steam-engine. ^ ..,»,,...,..., ^ .. .1 Tola.* 8vOt 10 ih» 

Part I. History, Structure, and Theory. ........................ Svo, 6 o& 

Part II. Design* Construction^ and Opeimtion. ...... . » . , . . 8to, 6 00 

Handbook of Engine and Boiler TrialSp ami tho TJwt of the Indicator and 

the Prony Brake. ............,................,*......... Sto* 5 o^ 

Stationary Steam-engines. ......................... ....... flro* a 50 

Steam-boiler EitploBlons in Theory and In Prai;tlce ...,.,,..,,. . ijimo, t 50 

Manual of Steam-boilers* their Designs, Construction, and Operation .... Svo 5 00 

We hre nf euuln g** Analysis and Softening af Boi ler Feed- w ai«r (Plttenoa ) 8 vo * 4 o<^ 

Weisbach's Heat^ Steam* and Steam-engines. (Du Sols. J . ....*..,.,. .8vo, 5 00^ 

Whitluun's Steam-engine Design. ,..,,,,.,,,_,.,..,,.,,...,,... ^ . .Svo, s 041^ 

Wood's ThermodynamtcSf Heat Hotora, and Refrigeratiiig Machines. . .8vOi 4 o^ 



MECHANICS AI?D MACHIHERY. 



Btrr's Kinematics of Macblnery. .Svo, 

• Bovey*! Strength of Materials and Theory of Siructiireft ............ .&to* 

Chase's The Art of Pattern-making. .....,., ^ «.....< i amo, 

Church*! Mechanics of Engineerine. . ,...,.,».,*.,*,., .8to, 

Notes and Examples in Mechanlce^ ............................ .8tO) 

Comptoa'i First Lessons in Uetml-warklnf tsoio, 

Ctsmpton and De Groodt's The Speed Lathe ...,..,,,,..,.*,.,,.,.. . lamo. 
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Ctom weirs TrcAtin on TcKitlied GeariiLC, ,,.,.... iimo* 

Ttedtls* 0n Belts aod Pull*7i, , . , . , , i amo, 

0*fu*ft TcTt-bfM)k of ElementAry Meeluiilcs l«r CoU«g«* ma4 Scliooli lanio, 

Binffcy'i MAchiQeiT Pattern Bfaking iimo, 

I>re4ie*i Rtcprii of the TranfipDitatton Exblbtts BulUtmc of the Wortd'a 

CoLumbUn Expcr^itian of 1893 ,4X0 hmU morocco, 

Bu Bob*i ElfcmentAry Principles of Medbflatcs: 

VoL L KlfltsEOfltics. ♦ * ♦,,.,...♦-- Bto, 

VoL II. Static* ..,.,, » . BtOp 

ttecbaoics af EoEineerioi. VoL I. , , , ,,,.».,.».*.. Sm«U 4to , 

VoL IL , _ , . _ , , , StmU 4to, 

Iku-ley*i Ktnenutlcs of Hactuo^s, ,.*.,,..,,,.,,,» , , Sto* 

Fitzgerald's Boiton MachinHst. .,...,,..» * .,.. .h. .,.,.,.»* . i6ma, 

Fbthe^g DfnAmometcrs, Ao4 th# Heanirement of Powv, » ♦ *. .i3iao. 

Rope DrivJDS . . ,.,,,,,.,_,.».*.*...,.,., umo^ 

0QS«'« Locomotive SpAfka. ,,...,,,...,......,......, ,,,... »to, 

• Creoae's Structuf fll Mechanlci. , ,, * t -..,*,,*♦.,.,-,. . Svo* 

SaII's Gar Lubrication. ..,...,..,.,*, , * , , .^ ♦ . . iimoi 

HoUy'i Art gf Snw Filing ,,..,.....,....,,.........,...*..... iftsno, 

JaiDjK*! Kinematica of a Point and the lUtianat Hccbuilcs of a Paftlcle. 

SiaaU Svo, 

■* J9htmm'9 (W, W,) Thtoretlcal Mecbaai^s. ,,.,,.....,.,...,.. timtt, 

JohEuon*! (L. J.) Stadca by Graphic and Alfebralc Methods. .....,..,. .Sto> 

Jooet'i Macbleiv Cesl^ : 

Fart 1. Kineniatici of MachlneiT> ....... -.**..,,*,,..»,,*,. Sv^o, 

Part LL Form. StTength. and Pro^rtion* of Partly . . .,,..,. 8to» 

Keft't Power and Power Traasmis&ioi), * * . 4 .*........, , Svo 

LaniaV Applied Hecbanici. ..............«,,,,,, fivo, 

Leooard*! Macbicie Shop, Tools, and Metho^l. .......«.,,«,-..«..>,. Svo, 

• Loreni*i Mod ern R cf riferattog M acb i d ei^. t Pap« , Haveu , and IHan. ) . St© » 
MacCord'i Kinematlcfl : or» Practical Mechaoitm. .....,..., .8to< 

VekwilT DiacramB, * . * , .^ .....*.**,♦..,.,»,,,»»,.,, Sto, 

* Mania's Text Book on Uecbankai VoL I, Statics^ * , . . , tamoi 

Maufir'fl Technical Mechanics* ....*.*.*..». *,*...*..,,,.*.., 8*0, 

Merrlinan''s Mechan ic& of Material*. , ...«».,.«.....,... , , , . B^o, 

• Elements of Mechanics. _ , , _ . ,**,*♦*,*...♦,, ^ ,,» , , iimOi 

* Mlcble*a Elements of Analytical Mechanics. ...«...,.., . . Bvo, 

* Partiiall and Bohart^i Electric Machine Design. . . . . , , 4to, half morocco * : 

Reagan's Locomotives : Simple* Compoundi afid Eleotrlf, . , iimo, 

Heid's Couii&e in Mechanical Drawing. , , ^. . , , , .,»..,.,.*,...,. 8vo, 

Teit^book of Mechaoical Drawing Add Elementary Machine DetignSyo, 

Sichajds's Compressed Air. .,..«.,,... t imo, 

Hoblnsoo^t Principles of Mechanism. ..... ,,^. Bro, 

Hyftn, Jlorris. and Hoiie*s Bleclricfll Machinery. VoL L , , Svo, 

Schwamb and Merrill's Elements of Mechanism. ..._. ..^. ....... .BvOi 

Sinclair's Locomotive-eogine Running and Mai^ageiAeiit. . . .......«*. .umo» 

Smith*! tO. I Presi-workina of Mctak h ................ . .Ito, 

Smith's (A. W. ) Materials of Machine*. ......... w ... ..*.,,....... . tsmor 

Smith {A. W. I and Man's Machine Deaigo. . , ..........,.<...,..... Bt$» 

Spang lei* Greene, and Marshnll'i Elements of Steam-flngiDeerlng. — . , StO| 

Thurston's Treatise on Friction and Lo^t Work in Machinery and Mill 

Work , Sto, 

Animal as a Machine and Prime Motor* and the Lawc of Energetics, > jmo, 
Warren's Elementa of Machine Construct ion and Drawing. * .......... .8vo, 

Weisbach*B Kinematics and Power of Transmissign. f Herritt* an— Klein. ) Sto, 

Machinery of Transmis^oo and Governors. (Herrmann — Kietn.),ST04 
Wood's Elements of AnslytitaJ Metbanics. .......................... Syo, 

Prindplei of Etementarr Mechanica. . ..,.,,.«««...»............. lamo* 

Turbines. , h . . . .......,...*...... Bto, 

-The World's Cohimbian ExpodtloD of iSgj , . . .*.,,«.»..«.,......... 4to, 
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METALLURGY. 

Eg lesion's M«tAUtirg7 of Silrer, Gold, mud Mercurr; 

Vol, I. Silver. , ........,, .,..*.» *,,,,.,»... 8vo, 

Vol. II. Gold And Btercufy, ,,..-. , * . * , * 8vo. 

Goesel's Mmer&k and Metals: A RtftTtact Book.. . «....>..«, iSoiti, mor, 
** IJfs's Le«d-4meLti£Lff. (Postage q ceRte additlonaL). ............ [amp, 

Ke«p*s Cast Iron. ,..,,,,..,.,.,....,,, 8to, 

Kunhardt*! Practice of Ore Dressing in Europe. * + ............ .ftvo, 

Le Ctmtelicr*8 High-temperature MeasufetnentB. (BotidouArd--fitiffeSL>t3iao* 

MetcaU'^ SteeL A Manual for Stcel-usrrs t^mo, 

Mioet's Production of Aluminum and iti InduttrLa] Uw. ( Waldo, >.. iimOi 

Robine and Lenglen's Cyaoide Iddustff. (Lc Clerc). 8to. 

Smith'» Msterials oj MRrbioe^. . ........ ^ ....,, « tamoNi 

Xbur$tau*$ Materials of Etigineeriog. In Three Parti. ..,...,.,.;,,.. .tm, 

Part II, Iron and SteeL * , 8vo, 

Part nj. A Treat Ls« on Brasses, Bronzes* and Other Alki^ as^l their 

Constituents, . , ......,,, h ,,..,.*.,, . 6to, 

1TUce*B Modern Electrol^rttc Copper Refining. .*.,.....,.. ....... Bvtii 



MllfERALOGy. 

Banlnger's Description of Bllnerals of Comoierctal Value. Oblonc» morocco , 

Boyd'ft Resources of Southwest Virginia. . . . . . , , . . . Rvo* 

Map of Southwest Virignla. . , ,......_.. . .Pocket-book form. 

Brush's Manual of Determinative Mineralogy. (PenfteM.). ........... .3to« 

Chester's Catalogue of Minerals. . , _ .8to, pftjKT, 

Cloth, 
Dictionary of the Names of Minerals. ..,,......'.._,...,.,.,., 8to 

Ilana*a System of fitineralofy. . . _ . targe Sto, half leather, i 

First Appendix to Dana's New " System of Mineralogy/* .... .Largfr Btft, 

Text-book of Mineralogy .Sto, 

Minerals and How to Study Them ..,....._.,... timo, 

Cataloffue of American Localities &f Minerals. ..,....,..,.. .Ldffe 8»o, 

Manual of Mineratosy and Petrography. ........,, ..,....,.. . ttmo 

Douglases Untechnical Addresses on Technical Subjects, .......... t jmn, 

Eakle's Mineral Tables. ► 8vo, ' 

Egleston's Catalogue of Minerals and Sraosyms. 8to« 

GoeseTs Minerals and Metals: A Reference Book. . i6nio« tnor. 

Grotb's Introductioct to Chemical Crystaliofrapby (Marshall) . umo, 

HussaJt's The Determination of Rock-forming Minerals. ( Smith.). Small Svo, 
Merriirs Noo-metallic Minerals^ Tbeir Occurrence im<i Dses. ... . Svo, 

* Peniield^» Notes on Determinative Mineralogy and Record of Mineral Tests, 

8vo. pap«r, 

Roscnbusch's Microscopical Pbysiogr«pby of tlu Rock-maktng Minerals. 

f Idd ings. ). 8vo, 

* Tllliii«n*t Xeit-book of ImporUmt Minerals aod Rocks .,,.., .Sf«, 




MiimrG, 

Beard'i Ventilation of Mines. ,«..,,,, ^ ,«,,.,,,., . ^lamo, a ^ 

Boyd's Resources of Southwest Virginia. *.♦.*....♦..,.,,.,...... 8to, i oo 

Map of Southwest Virginia. , . .................... .Pocket-book fona a <h> 

Douglas '3 tJn technical Addresses on Technical Sub|e£tt. . lamo, r ao 

* Drlnker't Tunneling, Explosive Compounds, and Rock DrIIb. .4toihf, mor., as fi4> 

Elsale^t's Modem High Explosive^. . . ^ ^ .....,......,,....,.,.. .ttfa. 4 ^1^ 

Goesel't MiDerali and Metals t A Reference Book. .,,..,..,.... lOmoi Aor. s 09 

10 



Goodyear's Coal- mi net of Che Weateni CoB«t of tba United States. , r>ma, 

ibiKne*a Haitual of Btioin^* . . .,,......**..*....*.*.*..**,..... Syo, 

** Ues*i Lcad-«meLtm;. ( Postage oe. additioiuL). .... ^ .,.,,.,..... , taiaae, 

KiiHiiufdt*! Practice of Ore Dr«aliiE in Europe. *.....,., ,..,,.. .8to» 

O'BriscoU'ji Notes on the Treatment of Gold Ore»* . , . . . * * 8^** 

Robtne aad L«ii£leii*t Cyanide Indufltry. (Le Clerc). * « * .8¥0» 

♦ Waike*6 Lectures on EipLosLves, , *.,.,,,,.,.♦..♦ ^ * . -8vo, 

Wikon's Cyanide Pfoceajies. .>..,....*..,..»,...,,*.«....*.. IJ^mo. 

ChloriDatlon ProccEs ....»....._.,,.,,, ........... iimo, 

HjfiJrmulic ttnd PlAccr Mitiinf, , , . lamo^ 

Treatbe on Pr&ctical and Tluoretkai MInv Ventilation.. ...,.«..,. iamo» 



I IS 



SAmTARY SCIEHCE. 

Bajibore'^s Sant'^tlon of a Country Houie ,...«....„. h^ .,<,,.......» . r>ino« 

Folweli's Sewerage. (Dtsignlngr CoaaO'uctlcin, and Maintenuice. }. .... jS^o* 

Water-supply Ingintenrg ,..,..*...*........, Stq» 

Fotvler*s Sewage Works Analrses .,......,., t - .,. i .-.,-,,,,,,,... - iJ,m3i 

Fuertes's Water and PubUc Health. ,= ..,,,,.„.,,..,*(,.,-*„,*,. . lamo, 

Water-i^itration Works , . . .... i3fitDi 

Gerhard*! Guide to Sanitarr Houae-lnfip^ction ..,.,,. j. ,,,...,, , i6mo, 

Goodrich's Economic Disposal of Town's Refits*. ..,.,♦...,♦ D«Biy Sto, 

II^en*s Filtration of Public WateT-suppLiee. .8vo, 

L«acb*3 The Inspection and Analysii of Food with Special RefereDCe to State 

Control ...... , , , . Sva, 

HasoQ^s Watcr-tuppty. f Conalder ed principally from ft Sapitary Standpoint) B¥o» 

Eiamiristion of Water. (Cheroi^jil and Bacteriological K tanao, 

Ogden's Sewer De«tgn. . . , lamo* 

PreicQtt and Winslow's EleiQenta of Water Bacteriolocy, wltb Special Refer- 
ence to Sasitary W*ler Analyslfi. ....,,,_.,_,......... lamo, 

* Price'i Haiutbo«1i on ^nitation. , , .................«.*.«. . umo, 

Rlchards'i Coat ol Food. A Study in Dietariea «.,.... ^ ... p . . iimJOi 

Cost ol Living aft Modified b^ Sanitary Science. ^ *............. . , i3fno» 

Coat of Shelter , .,...,. i jmOi 

Rlehard» and Woodmaa^e Air. Water ^ and Food fram a Sanitary Stand- 
point + ,-...., iyoi 

* Hichardft and Williams's The Dietary Computer. ................... .8to. 

Rideal's Sewage and Bacttrial Purification of Sewaga. ,,..,,.,,,«*,,. .8^0, 

Tumesufe and Rus«ira Public Water-supptlea. .RtOi 

Von Behrine's SuppreBnion of Tuberculosis. (Eolduan.) « .lamoi 

Whipple's Microscopy of Drinking-water. . > ....« ^ .,..*.. , .Std, 

Wintoti'fi Microscopy of Vegetable Foodi. . . . . ^ 8?0f 

WoodhuU's Notes or Military Byglene. .,,,.. ,.«,,..*...,., i6mo, 

* Persooal E/gieae. ......,.......,..,.............., + — ^ . * lamOt 



MISCELLANEOUS. 



Pe Fursac's Manual of Psychiatry. (Rosanotf and Collins.). , . .Larve iimo, 

Ehrlich's Collected Studiri on Immunity { BoMuan) . , Bifo, 

Emmons's Geo^gical Ouide-book of the Rocky Mountain Excunion of the 

International Congress of Geologists. ..Large Cvo^ 

Ferreri Popular Treatise on the Wimjs. ...,.....,,,..... , . .Svo* 

Haines's American Railway Management la-mor 

Mott's Fallacy of the Present Theory of SottOd .... tfimOj 

Rlcketts*5 History of Rensselaer Polytechnic lnatitule« 18^4- 1894.. ScnaUSvo^ 

liostoski's Scrum DiagnoEis^ < Bolduan. ^. ...,..,.,... . lamo, 

Botherkam's Emphasized New Testament .. ....*».*.»..•...... Large 8to, 

17 



